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N FIXED field therapy, the attention of 
the radiotherapist is always focussed on 
the skin and the dose to the tumor is usually 
expressed as a percentage of the dose re- 
ceived by the skin. Treatment fields are de- 
scribed in terms of the distance from the 
source to the skin and the field size on the 
skin. In moving field therapy, the radio- 
therapist and the physicist are forced to 
look at the problem from a different point 
of view. Now, one’s attention is focussed on 
the tumor position, the distance from the 
source to the tumor, the size of the field at 
the tumor and the dosage rate at the tumor 
and little attention is paid to the field size 
on the skin or the dosage rate on the skin. 
During rotation therapy, the dosage rate 
on the skin, the field size on the skin and 
the distance to the skin vary continually as 
the rotation takes place. 


CALCULATION OF TUMOR DOSE 


A number of investigators have discussed 
the problem of dosage calculations in rota- 
tion therapy.*:?° We have found it con- 
venient to calculate the exposure rate at 
the tumor using the concept of tumor-air 
ratio.®"! This is best illustrated by reference 
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to Figure 1. T is the tumor position, a dis- 
tance d below the surface of the skin and a 
distance F' from the source. The tumor-air 
ratio is the ratio of the exposure at this 
tumor position, D,, with the scattering and 
absorbing material surrounding T, to the 
exposure at the same position in space “‘in 
air,” Dr. If Di/Dia can be evaluated from 
the constants of the irradiation, then the 
exposure at the tumor is obtained by merely 
multiplying this ratio by the exposure rate 
in air at the axis of rotation. 

Tumor-air ratios have been calculated 
from standard tables’ for qualities of radia- 
tion ranging from 0.5 to 4 mm. of Cu and 
for cobalt 60 radiation and have appeared 
in the original articles dealing with this 
concept.*" It can be seen from Figure 1 
that the tumor-air ratio is given by 


D: \, P 
(1) 


In this expression F is the focal tumor dis- 
tance and (F—d) the distance from the 
source to the skin. The quantity 
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Fic. 1. Diagram illustrating the meaning of tumor-air ratio. 


thus corrects the exposure rate in air at T 
to the exposure rate on the surface of the 
skin. B is the backscatter factor for the 
area A on the skin. Since 4 is related to 
the area at the tumor by the expression 


F-d\ 
F 


the factor B is a function of the area, depth 
and focal tumor distance. The exposure rate 
at T is then obtained by multiplying by 
the percentage depth dose P which will 
depend upon area, depth and F. Although 
this expression appears rather simple, in 
actual fact the evaluation of a tumor-air 
ratio involves considerable calculation since 
B and P are functions of d, F and 4, and 
interpolation from standard depth dose 
tables is required. Extensive tables of the 
tumor-air ratio have been published in the 
original articles for both circular and rec- 
tangular fields.*" A few of these values 
appear in Table 1 for rectangular fields for 
cobalt 60 radiation. Examination of equa- 
tion (1) will show that when Fis very large, 
the first term becomes equal to 1.00, the 
area of the field on the skin becomes equal 


to the area of the field at the tumor and the 
tumor-air ratio is thus the depth dose for an 
infinite focal skin distance for “roo r’’ in air. 
Extensive calculations show that the tu- 
mor-air ratio is independent of focal tumor 
distance and the same values may be used 
for all focal tumor distances likely to be en- 
countered in rotation therapy. The concept 
of tumor-air ratio may be used to convert 
depth dose data for one focal skin distance 
to depth dose data for another focal skin 


TaBLe I 


TYPICAL TUMOR-AIR RATIOS FOR Co®? 
RECTANGULAR FIELD AT TUMOR 


4X4cm. 4X6cm. 4X8cm. 4X 10cm. 
0.5 1.011 1.013 1.014 1.016 
2 -950 .958 .961 .965 
4 .866 .878 889 
6 -794 .802 808 
8 .693 708 -716 -723 


Data taken from the AMERICAN JouRNAL OF ROENTGENOLOGY, 
Rapium Tuerapy & Nuciear Mepicine.! 
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distance. A paper dealing with these cal- 
culations will appear elsewhere.” 


CALCULATION OF TUMOR DOSE 


A simple calculation will illustate the use 
of tumor-air ratios in calculating the dosage 
rate at the tumor. In Table 11 are given the 
depths of the tumor below the skin surface 
for nine angles of entry listed in the first 
column. For each of these depths, the tu- 
mor-air ratio is obtained from the appro- 
priate table and is given in the last column. 
The average of these is 0.572. Suppose now 
that the exposure rate at the tumor posi- 
tion in air is $0 r/min. Then the exposure 
rate at the tumor will be 50X0.572 = 28.6 
r/min. The calculation may be carried out 
for whole or partial rotation. 

When two opposing segments of radia- 
tion are used, the given doses on the oppos- 
ing sides should be adjusted to give the 
same tumor dose using the concept of 
balanced tumor dose as defined by Pater- 
son.!8 The rotation time from the two sides 
should be inversely proportional to the 
average tumor-air ratio for each side. 


CALCULATION OF TUMOR DOSE WHEN 
INHOMOGENEITIES ARE PRESENT 


The above calculations apply directly to 
unit density material since they are based 
Taste II 


CALCULATION OF CENTRAL TUMOR DOSE 
COBALT 60 (LUNG, 8 X8-CM. FIELD) 


Angle Depth d (cm.) Tumor-Air Ratio 
° 10.6 .652 
40 10.2 668 
80 10.3 
120 13.0 . 568 
160 17.8 «430 
200 20.5 
240 12.4 
280 11.8 .608 
320 11.9 .605 
Average 


Suppose exposure rate at tumor position in air is 
50 r/min. Then exposure rate at tumor =50X.572= 
28.6 r/min. 
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Fic. 2. Diagram illustrating a typical field passing 
through a thoracic cross section. (Courtesy of the 
British Fournal of Radiology.*) 


upon standard depth dose data. The use of 
tumor-air ratio should give the same preci- 
sion as the use of standard depth dose data. 
It is well known that large errors in the tu- 
mor dose can be made when one irradiates 
a patient in the region of the chest unless 
some correction is made. The problem is 
illustrated by the diagram of Figure 2 where 
a beam passing through a thoracic cross sec- 
tion is shown. The dose at the point T will 
be greater than when calculated by stan- 
dard depth dose data. A number of in- 
vestigators have discussed methods of cor- 
recting the dose at the point 7 for air 
cavities and bony structures using transit 
dose measurements.!*'71° If an ionization 
chamber is placed at the point P, the read- 
ing obtained on it will depend upon the 
distance D and as this distance is increased, 
the reading will increase because of inverse 
square law but will also increase because 
the chamber will intercept a larger and 
larger amount of scattered radiation. The 
reading will also depend upon the field size 
because this will determine the amount of 
scattered radiation. The reading will also 
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depend upon the position in the phantom 
of the scattering material. Finally, the read- 
ing will depend on the equivalent thickness 
of unit density material. In a recent publi- 
cation? it is shown that, by using a focussing 
type of ion chamber, which excludes all 
scattered radiation, the reading of the 
chamber may be made independent of all 
of the factors iisted above except the equiv- 
alent thickness of the patient. A schematic 
diagram of the focussing detector is shown 
in Figure 3. The focussing device consists of 
a large number of small holes which are 
placed in a lead plug at a slight angle to the 
axis so that they point towards the source 
of radiation. By making the holes small and 
long, all scattered radiation from the pa- 
tient can be excluded from reaching the 
chamber. Such a chamber therefore detects 
only primary radiation, and a measure- 
ment on it determines the thickness of the 
patient regardless of the field size or the 
distance D to the patient (Fig. 2). Referring 
to Figure 2, if we assume that point T is 
symmetrically placed with respect to the 
air cavities and bony structures of the 
body and if we measure the equivalent 
thickness, ¢,., of the body with the trans- 
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TUMOR AIR RATIO 


20 


PERCENT Ssion 


Fic. 4. Tumor-air ratio plotted as a function of 
percentage transmission. In obtaining these 
graphs, the data of reference 5 were used and it 
was assumed that the tumor was at a depth 
exactly half the thickness of the absorber. 


mission chamber, then we can consider 
that the tumor is at an equivalent depth, 
t.,/2. From the tables of tumor-air ratio, we 
can then obtain the tumor-air ratio for 
t.,/2. A few of these values are shown in 
Figure 4. A complete table of the values is 
given in the original publication.’ Suppose, 
for example, that the measured percentage 
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Fic. 3. Schematic diagram illustrating the construction of the focussing ionization chamber. 
(Courtesy of the British Fournal of Radiology.°) 
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transmission is 30 per cent and that the 
field size at the tumor is 4X15 cm. Then, 
from Figure 4, the tumor-air ratio for the 
actual body condition, with its inhomo- 
geneities, would be 0.675. If the tumor-air 
ratio were determined from the measured 
body thickness, it could differ by 30 per 
cent from this value. This method of 
calculation is only exactly correct provid- 
ing the tumor T is symmetrically placed 
with respect to bony structures and air 
cavities. However, when rotation takes 
place over most of the 360°, many of the 
errors cancel out. To obtain the corrected 
tumor-air ratio, one must then measure the 
average transmission for the complete or 
partial revolution used and then by using a 
graph, similar to Figure 4, obtain the cor- 
rected tumor-air ratio. If one uses an in- 
stantaneous dosemeter and records the 
transmitted radiation as rotation takes 
place, very interesting graphs, showing the 
breathing of the patient can be demon- 
strated.2 Complete tables of values for 
cobalt 60 radiation, showing the tumor-air 
ratio for a number of rectangular fields as a 
function of the percentage transmitted, are 
given in the original publication.’ The 
method has not yet been applied to softer 
radiation but there is no doubt that the 
technique would work equally as well in the 
quality range from 1 to 4 mm. of Cu half- 
value layer. 


PENUMBRA 


In the last few years, with the increasing 
variety of cobalt 60 units which have been 
placed upon the market,?*!° there have 
been many discussions concerning pe- 
numbra.® We should distinguish between 
the physical penumbra produced by the 
finite size source and the sort of penumbra 
which arises from the reduction in scattered 
radiation as one approaches the edge of a 
field. In Figure 5 is shown a diagram to 
illustrate the meaning of physical penum- 
bra. The limiting diaphragm is placed a 
distance d from the skin surface, the tumor 
is at a depth Z below the skin surface and 
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= 
SKIN 


Fic. 5. Diagram showing that the physical penumbra 
is the same size for a small field as for a large 
field. 


the source is at the focal skin distance /. 
From similar triangles, it is early seen that 
the physical penumbra, P, is related to the 
source size, 5, by the equation 


p= s(—-), 
f-a 


This expression is correct regardless ot 
whether the diaphragm is near the axis of 
the beam or at a considerable distance from 
the axis. In other words, the penumbra is 
the same size for a small field as for a large 
field. In a large field, it will appear as a 
small fraction of the total field size but in a 
small field, it may under certain circum- 
stances be almost as large as the field itself 
and under these conditions the isodose 
curves obtained will be very badly dis- 
torted. The problem of physical penumbra 
is not a new problem and exists with every 
roentgen-ray machine but usually the focal 
spot is small enough to make the physical 
penumbra negligible in size. However, re- 
cently Wootton” has shown that with a 2 
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Fic. 6. Left. lsodose distribution for Co® unit. Field 
size 7X7 cm., source to skin distance (SSD) 80 
cm., diaphragm to skin distance (DSD) 18 cm., 
source size 2.54 cm." Right. Isodose distribution 
for Co unit. Field size 7X7 cm., source to skin 
distance 60 cm., diaphragm to skin distance 33 
cm., source size 2.54 cm.! 


mev. machine, with the diaphragm placed 
a long distance from the skin, the physical 
penumbra is quite large. To illustrate the 
effect of physical penumbra, isodose curves 
for two cobalt units are reproduced in 
Figure 6. The one on the left applies to the 
Saskatoon unit with the multivane colli- 
mator® and is for a field size of 7X7 cm. at 
a focal skin distance of 80 cm. and a source 
to diaphragm distance of 18 cm." The one 
on the right is taken from the publication 
by Braestrup and Mooney! on the thyra- 
tron and is for a source to skin distance of 
60 cm. and a diaphragm to skin distance of 
33 cm. Both are for a source size of 2.54 
cm. Although the two distributions cannot 
be compared exactly because of differences 
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in focal skin distance, the effect of the pe- 
numbra is very noticeable. 

A number of investigators are under the 
false impression that when a machine js 
used in rotation therapy, the penumbra 
somehow cancels out. In Figure 7 is plotted 
the dose distribution across the diameter 
of a 20 cm. phantom irradiated by the two 
fields of Figure 6 using 360° rotation for 
both. Because of the larger source to skin 
distance in the case of the left-hand dis. 
tribution, the dose at the center of the 
phantom is slightly greater in this case so, 
for purposes of comparison, the two dose 
distributions have been normalized to read 
100 per cent at the tumor. It is obvious that 
the penumbra has caused a spread in the 
beam so that there is less concentration of 
the radiation at the tumor position. A 
radiotherapist might argue that this is an 
advantage because one always wishes to 
spread the beam beyond the tumor posi- 
tion. If this is indeed the case, then I believe 
this should be done purposely by using a 
larger field rather than it being done be- 
cause the penumbra is larger and cannot be 
avoided. 

Haybittle® has determined the integral 


SOURCE - 254 
- SSD -60 CM. 
580-18 DSD- 33 
DEPTH- 10 DEPTH ~ 10 
FIELD - 7x7 FIELD 7x7 


DOSE DISTRIBUTION ALONG LINE THROUGH P 


DISTANCE FROM P 


Fic. 7. Dose contour along the diameter of a cylin- 
dric phantom of diameter 20 cm. irradiated by the 
two distributions of Figure 6 and normalized to 
give the same reading at the center. 
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dose as a function of the source size. If, in 
Figure 7, we conclude that a tumor 7 cm. in 
diameter can be adequately treated by 
either distribution of radiation, then using 
Haybittle’s formula, we find that the in- 
tegral dose for the large penumbra is 1.8 X 
the integral dose for the isodose distribution 
with the small penumbra. The concept of 
integral dose has fallen into disfavor with 
many clinicians because there appears to be 
little correlation between it and constitu- 
tional changes. Hence, it could be argued 
that a 1.8 fold increase in integral dose has 
no great significance. However, when we 
are comparing two types of irradiation, 
which are identical in every respect except 
in respect to penumbra, then the compari- 
son is valid for it implies that in the one 
with a large integral dose, the dose near the 
tumor falls “off” slowly while in the other 
case there is a sharp fall off. This may mean 
that in one case critical organs near the tu- 
mor will receive a dose nearly as large as 
the tumor while in the other case, the rapid 
fall off will protect these critical organs. 
Thus, the concept of integral dose is a 
mathematical way of describing the average 
dose to “‘non-tumor portions” of the body. 
If this average dose is small, this implies a 
rapid “‘fall off” of the dose near the tumor. 
It is possible that a new expression to de- 
scribe more directly the “‘dosage gradient” 
near the tumor should be evolved. 

With these considerations in mind, it is 
possible to design a cobalt unit with a 
penumbra which is very little different 
from that which is produced with a 2, 3 or 4 
mev. roentgen-ray generator. In fact, if one 
compares the distribution obtained with a 
collimator working at a short diaphragm 
to skin distance!’ with the distributions 
which have been published for 2 and 3 mev. 
roentgen-ray generators,” it is impossible 
to tell the difference between the two dis- 
tributions. Unfortunately, when one comes 
to rotation therapy, it is necessary to re- 
move the diaphragm some distance from 
the skin in order that the diaphragm will 
clear the patient during rotation. In fixed 
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field therapy, the diaphragm should be 
some I§ to 20 cm. from the patient’s skin. 
At this distance, electron contamination on 
the patient’s skin is small and the pe- 
numbra is held toa reasonably small value.® 
In some rotation units, the limiting dia- 
phragm is nearer the source than the skin 
which produces very large penumbras. 

There is one other problem which re- 
quires more thought on the part of physi- 
cists and radiotherapists and this is the 
accurate localization of the tumor. Diagnos- 
tic radiographs may be obtained with a 
cobalt 60 unit but, in general, they show 
lack of detail and are quite inferior to the 
roentgenograms which may be obtained 
with a good diagnostic roentgen-ray ma- 
chine. (Sinclair™ has suggested incorporat- 
ing a thulium!”® source in the cobalt 60 
head for diagnostic procedures but such a 
source would not give the sharp details of a 
good roentgen-ray tube.) Kornelsen’® and 
Catton! have developed a method for tak- 
ing localizing roentgenograms on a diagnos- 
tic roentgen-ray machine and then repro- 
ducing the geometry exactly on their 
theratron. Several investigators have made 
use of film checks using the high energy 
beam of the cobalt itself. It would be an 
advantage if good, accurate localization 
roentgenograms could be obtained on a 
high energy roentgen-ray machine. 

With these ideas in mind, the radiation 
therapists and the physicists of the On- 
tario Cancer Institute, after much discus- 
sion, have designed a rotating unit which it 
is hoped will provide the answer to some of 
the difficulties inherent in the present use 
of cobalt 60 equipment in rotation therapy. 
With this unit, we hope to carry out routine 
transmission measurements to correct for 
inhomogeneities in the body. We hope to 
have a unit on which accurate placement 
roentgenograms may be taken. We have 
designed the unit so that it may be used in 
fixed field therapy at a source to skin dis- 
tance of 80 cm. For rotation therapy, the 
source to axis of rotation hzs been set at 
g5 cm. When the patient is being set up, 
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Fic. 8. Schematic diagram of the Co® unit to be installed in the Ontario Cancer Institute. This unit will 
permit routine transmission measurements to correct for inhomogeneities in the body. It also will enable 
the taking of accurate placement roentgenograms with the aid of a roentgen-ray tube incorporated in the 


head of the unit. 


the floor is completely covered and com- 
plete access to the patient is obtainable 
from all sides. The axis of the machine is 39 
inches above the floor. A diagram of this 
piece of equipment, which is now being 
manufactured, is shown in Figure 8. The 
transmission chamber, with a backpointing 
beam director, is housed in the counter- 
weight. This chamber will be connected 
permanently to an integrating dosemeter so 
that the percentage transmission will be 
automatically recorded. The head has been 
arranged so that the source slides horizon- 
tally into a position just in front of the 
target of a diagnostic roentgen-ray tube. 
The focal spot of this tube is a few centi- 
meters beyond the position occupied by the 
source in the “‘on” position. If a placement 
roentgenogram is required, the fluoroscopic 
screen or the film will be moved into posi- 
tion by the pantograph mounted on the 
counterweight and an exposure made. If the 
patient is not in the correct position, an 
alignment will be carried out and then the 


source will be moved into the “‘on”’ position 
for treatment. If rotation therapy is 
desired, the machine will be set in rotation. 
It is obvious that the head of this unit will 
strike the floor but in our new building, we 
have made arrangements so that it passes 
11 inches below the surface of the floor as 
indicated in the diagram. This space is 
normally occupied by two doors which 
leave a level floor during the time of setting 
up the patient, etc. The skin to diaphragm 
distance for fixed field therapy will be 18 
cm. and the diaphragm to tumor distance 
during rotation therapy 33 cm. With these 
dimensions, the penumbra problem will be 
effectively solved. 


CONCLUSIONS 


In the future, emphasis should be placed 
on accurate beam positioning, corrections 
for inhomogeneities in the patient and the 
avoidance of large penumbras. A rotation 
unit should be capable of good fixed field 
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therapy since many tumors cannot be 
treated with rotation. 


Ontario Cancer Institute 
Toronto, Ontario 
Canada 
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THREE YEARS’ CLINICAL EXPERIENCE WITH ROTA- 
TION THERAPY WITH THE THERATRON* 


By JOHN H. MAUS, M.D., and NORMAN A. McCORMICK, F.A.C.R., F.R.C.S. 


WINDSOR, ONTARIO 


Vi) RITERS in the popular press have 

suggested that supervoltage therapy 
(including cobalt 60 beam therapy) has re- 
placed surgery, chemotherapy and conven- 
tional roentgen therapy in the treatment of 
cancer. In contrast to this conclusion, we 
have elected to use cobalt 60 beam therapy 
in only 29 per cent of the new patients with 
cancer admitted to the Ontario Cancer 
Foundation Windsor Clinic during the past 
three years. Rotational techniques were 
employed in 148 or 36 per cent of these pa- 
tients. 

We have exploited the physical advan- 
tages inherent in cobalt beam therapy in the 
treatment of 412 patients with primary 
and recurrent neoplastic disease. The pa- 
tients selected for moving field therapy 
usually have been victims of a group of neo- 
plastic diseases known to have a low rate of 
curability by any method of treatment. Al- 
though the results in terms of five year 
survival are not expected to be great, a 
review of the experience gained may be in- 
formative. 

The Windsor theratron, constructed by 
Atomic Energy of Canada Limited and in- 
stalled during July of 1954, is the first of 
its type in use in Canada and the ninth unit 
of similar design in the world. The present 
output is approximately 36 r per minute, 
through a 10X10 cm. insert at 75 cm. dis- 
tance, resulting from a source strength of 
the order of 1,500 curies. 

In rotating, the distance from the source 
to the center of rotation is fixed at 75 cm. 
With the table elevated to zero setting, the 
center lies on its surface. The patient is 
placed on the couch in the supine position. 
Tumor localization is accomplished by 
clinical examination, anteroposterior and 
lateral roentgenograms, and confirmed by 


careful study of cross-sectional diagrams, 
Care is taken to examine the patient in the 
position of treatment and the location of 
the tumor is indicated by anteroposterior 
and lateral skin markers. The tumor is lo- 
calized in the anteroposterior plane by lin- 
ing up the coaxial light system built into 
the center of the beam pathway with the 
anterior skin marker. Elevation of the 
tumor above the surface of the aluminum 
table is determined in centimeters. The 
patient and couch are then lowered an 
equal distance from the zero setting. There- 
fore the tumor-source distance is 75 cm. for 
each of the patients in this series. As an 
additional check, the head of the machine 
is rotated laterally through go° to insure 
that the lateral skin marker corresponds to 
the center of the light beam. This is the 
right angle coordinate system employed by 
Dr. Milton Friedman for many years and 
described in the early days of supervoltage 
rotation therapy. 

It has been found unwise to attempt ro- 
tation with an extension cone in place, es- 
pecially if the tumor under treatment is 
eccentric in its location, because of the risk 
of collision with the patient or the treat- 
ment couch. We have not used an extension 
cone in any of the patients described in this 
series, nor has a collimating system of the 
type provided by Atomic Energy of Cana- 
da Limited or of the Johns design been em- 
ployed. For the period under study we have 
utilized tungsten inserts of fixed size, alter- 
ing the cross-section of the beam by select- 
ing the appropriate insert to encompass the 
tumor bearing area. 

Table 1 indicates the frequency of selec- 
tion of four different sizes of inserts. 

Field sizes of 10X10 cm. or larger were 
used in gI per cent of 148 patients. 


* Presented at the Thirty-ninth Annual Meeting of the American Radium Society, Quebec City, Quebec, Canada, May 29-June 1, 
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TaBLe | 


FIELD SIZES 


Field Size (cm.) | No. of Patients 


5X 5 6 
6X 8 7 
IOXIO 99 
36 
Total 148 


The possibility that rotational treat- 
ment may increase the integral dose to 
dangerous levels has been considered by 
many authors. For the present, an exact 
correlation between integral dose and con- 
stitutional tolerance does not exist. Johns 
has estimated the integral dose for an 
“average” man (65 kg.—22 cm. thick) given 
a total body skin dose of 300 r at 200 cm. 
focus skin distance and _ half-value layer 
2.0 mm. of Cu. Calculating the product of 
the mass of the patient, the mean dose and 
the skin dose, an integral dose of 11.7 mega- 
gram r has been obtained. If such a dose 
were given at one exposure, 20 per cent of 
individuals so treated would die. The re- 
mainder would require supportive treat- 
ment. 

Total body irradiation is employed clin- 
ically in such conditions as polycythemia 
vera. The total dose, protracted over a pe- 
riod of two weeks, is not likely to exceed 
1s0 r using the same factors as described 
above. From this amount of treatment, 
predictable depression will occur in the 
number of circulating blood cells. 
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For the purpose of studying the effect of 
altering the treatment method on the inte- 
gral dose, the record of one patient with ad- 
vanced disease of the uterine cervix was 
drawn from our files. A dose of 6,060 r had 
been delivered to the level of the lesion by 
360° rotation using a cobalt 60 beam of 
cross-section 15X15 cm. The dosage de- 
livered through 3 pairs of parallel opposing 
fields intersecting at the level of the tumor 
center excluding the lateral pelvic areas has 
been calculated. To illustrate the reduced 
dose with the cobalt 60 beam, calculations 
of integral dose were completed for roent- 
gen rays of half-value layer 3.0 mm. Cu 
rotating through 360° at 65 cm. and again 
at 50 cm. target skin distance for the six 
field technique. It is observed that the addi- 
tional integral dose for 360° rotation over 
the six field technique is relatively small if 
cobalt 60 gamma rays are used (2.5 per 
cent). If roentgen rays of half-value layer 
3.0 mm. Cu are employed, the added in- 
tegral dose amounts to more than 10 per 
cent. Of great importance is the fact that 
the calculated integral dose using the cobalt 
60 beam is approximately half the dosage if 
roentgen rays of half-value layer 3.0 mm. 
Cu are used to deliver the same number of 
roentgens to the tumor. While it may be 
argued that some of these doses are impos- 
sible to attain from the point of view of the 
patient’s skin tolerance; nevertheless, the 
illustration is of value in demonstrating one 
of the principal advantages of cobalt 60 for 
rotation therapy, 7.e., reduced integral dose 


(Table 1). 


Taste IT 
INTEGRAL DOSE FOR TUMOR DOSE OF 6,060 r 
Radiation Techni Integral Dose 
Source (Mgm.-r) 

360° rotation 41 

3 pairs of intersecting parallel opposing fields excluding 

the lateral 60°-80° on either side 40 
Roentgen Ray 360° rotation 83 
3.0 Mm. Cu 
Half-value Layer 3 pairs of intersecting parallel opposing fields as above 74 
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TABLE III 


PERCENTAGE ROTATED 


Year | Patients | Rotated | Rotated 
1954 | | 
(July-Dec.) | 53 17 34 
1955 177 72 4! 
1956 155 49 32 
1957 | 
(Jan. and Feb.) 27 10 37 
Total 412 148 36 


Table 11 indicates the number of pa- 
tients we have considered eligible for rota- 
tion therapy, broken down into four pe- 
riods. 

We have attempted to limit rotation 
therapy to the following situations: (a) The 
tumor should be centrally placed. (b) Ec- 
centrically located tumors may be accepted 
if they occur in rather small body cross- 
sectional areas. (c) The tumor should be 
well localized and not prone to early metas- 
tases. (d) Radiosensitive organs such as the 
kidney or cord should not be situated with- 
in the field of maximum dosage. 

Table 1v gives an analysis of the sites of 
origin of malignancy in 148 patients treated 
by rotation therapy. 

In those patients treated for malignancy 


TaBLe IV 


TUMOR SITES 


Site | No. of Patients 
Brain | 8 
Head and Neck 12 
Lung | 16 
Urinary Bladder 21 


Female Genitalia | ” 
Gastrointestinal Tract 


(a) rectum and rectosigmoid 26 
(b) esophagus 8 
(c) colon 6 
(d) stomach 8 
(e) gallbladder 2 
(f) pancreas 2 
Miscellaneous 12 
Total 148 


John H. Maus and Norman A. McCormick 
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involving the brain, 1 patient is excluded 
(died after 400 r had been administered to 
the tumor). In the remaining 7 patients, 
the calculated tumor dose has varied be- 
tween 6,200 r in six weeks and 8,000 r in 
eight and one-half weeks. All patients seen 
at the clinic with primary or secondary 
brain cancer have been treated by rota- 
tional therapy since the installation of the 
cobalt 60 unit. 

Tumors of the head and neck treated by 
rotational technique include the extrinsic 
larynx (2), tonsil (4), tongue (3), posterior 
pharyngeal wall (1), nasopharynx (1) and 
hypopharynx (1). The tumor dose has 
varied between 4,500 r in five weeks and 
g,000 r in eight weeks. Almost all of the pa- 
tients in this group were victims of residual 
or recurrent disease following radiation 
therapy or surgery in a previous period. 
Rotational technique was employed _ be- 
cause of the skin- -sparing property of this 
type of treatment in face of a situation 
where the skin reserve had been com- 
promised. In general, we have used small 
field, beam direction systems supplemented 
by interstitial radium element or radon im- 
plants for primary tumors in this area. 

Sixteen of 51 patients with bronchogenic 
carcinoma admitted during the period 
under study were selected for rotational 
treatment. Most of the patients with 
bronchogenic carcinoma have been referred 
for radiation therapy in an advanced stage 
of the disease. An attempt has been made 
to deliver a tumor dose between 5,000 r in 
five weeks and 6,000 r in six weeks. In our 
series, no adjustment has been made for 
the diminished absorption of lung tissue to 
cobalt 60 irradiation as compared with 
that of other body cross-sections. Follow- 
ing the studies of Pfalzner and Inch,!°" 
and others, an upward adjustment of calcu- 
lated tumor dose of between 14 and 30 per 
cent should be made in this group of pa- 
tients and in the smaller group with carci- 
noma of the esophagus. 

Twenty-one patients with carcinoma of 
the urinary bladder have been treated by 
moving field cobalt 60 beam therapy. In 
the early group, a conscientious effort was 
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made to deliver a tumor-lethal dose, using 
telecobalt 60 irradiation alone. The aver- 
age tumor dose in II patients was 9,100 r 
in periods ranging from eight and one-half 
to ten weeks. The average tumor dose by 
external irradiation is now close to 6,000 r 
in five to six weeks. Bladder tumors are ir- 
radiated by a sector scanning method rotat- 
ing over 300° anterolaterally about the 
pelvis and omitting 60° posteriorly to spare 
the rectum. An attempt is made to follow 
the response of bladder tumors cysto- 
scopically during treatment. In selected 
cases the tumor dose has been supple- 
mented by an intravesical radium source 
ina Foley catheter at 2 cm. distance for an 
additional tumor dose of 2,000 r,. All pa- 
tients with cancer of the urinary bladder 
referred for radiation therapy are treated 
primarily by rotational cobalt 60 irradia- 
tion in our clinic. 

Twenty-seven patients with cancer orig- 
inating in the female genital system have 
been treated by rotational techniques: 
ovary (12), cervix (6), fundus (8), vagina 
(1). It is for this group that large field rota- 
tion (15 X15 cm.) has been necessary. The 
tumor dose has ranged from 5,000 r in five 
weeks to 8,000 r in eight and one-half 
weeks. Although an attempt has been made 
to obtain permanent growth arrest, supple- 
mental intracavitary radium treatment has 
been necessary to control the primary 
tumor in 3 patients with carcinoma of the 
cervix. Despite the large fields employed, 
there has been no significant increase in 
morbidity. None of these patients has 
shown unusual gastrointestinal complica- 
tions. There has been a temporary leuko- 
penia to about 3,500 to 4,000 white blood 
cells per cu. mm. but no patient has re- 
quired transfusions. It is felt that protrac- 
tion of treatment to a period of six to eight 
weeks is of considerable importance in 
avoiding constitutional disturbances. We 
have confined the use of cobalt 60 beam ir- 
radiation to those patients with cancer in 
the female genital tract in an advanced or 
incurable stage of the disease. 

There were 8 patients with carcinoma of 
the esophagus. The tumor dose delivered 
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by 360° rotation has varied between 6,000 r 
in five and one-half weeks and 8,550 r in 
nine and one-half weeks. Palliation has 
been superior to that obtained by any 
other method in patients previously treated 
in our center for cancer of the esophagus. 

Palliation obtained in cancers of the 
stomach, pancreas, gallbladder and colon 
has been i impressive in a few instances but 
poor in the majority. Tumor doses in the 
upper abdomen, especially in the areas ad- 
jacent to kidney tissue, do not exceed 
4,500 r to the tumor in four to six weeks. In 
those areas separate from kidney, doses of 
5,500 r in five weeks to 6,000 r in seven 
weeks have been delivered without irre- 
versible constitutional upset. 

Twenty-six patients with cancer of the 
rectum or rectosigmoid have received rota- 
tional cobalt 60 irradiation. The technique 
is the exact mirror image of that employed 
for cancer of the urinary bladder, although 
the patient is treated in the prone position 
(an arc of 300° is treated posterolaterally 
omitting a section of 60° anteriorly in the 
vicinity of the urinary bladder). Patients in 
this area of interest fall within two general 
classifications: (a) Those on the borderline 
of inoperability treated by cobalt 60 irradi- 
ation as a preoperative measure. Seven 
patients so treated have received tumor 
doses of 2,000 r to 5,500 r in periods rang- 
ing from two and one-half to five weeks. 
In no case did preoperative cobalt 60 irradi- 
ation prejudice wound healing. Resultant 
tumor shrinkage permitted abdominoperin- 
eal resection to be accomplished with 
greater ease than would have been the case 
had the patient not been irradiated. As a 
safety measure surgery has been postponed 
six to eight weeks following administration 
of tumor doses in excess of 4,000 r. (b) 
Those in whom cobalt 60 irradiation has 
been used to obtain growth arrest or actual 
growth destruction when the general con- 
dition of the patient or the presence of ad- 
vanced incurable disease rendered the le- 
sion inoperable. Tumor doses in this group 
have varied between 4,000 r in four weeks 
and g,100 r in ten weeks. In many of these 
patients, good palliation has been obtained 
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and colostomy has been necessary in only 1 
patient. In this patient a large pelvic ab- 
scess developed deep to the degenerating 
base of an advanced carcinoma of the rec- 
tum. Colostomy was performed not for 
bowel obstruction, but in order to divert 
the fecal stream. 

The miscellaneous group includes indi- 
viduals reporting with mediastinal meta- 
static carcinoma (breast), lymphoma, spi- 
nal cord tumors, sarcoma of the soft tissues 
overlying the sacrum, carcinoma of the 
seminal vesicles and prostate, and com- 
prises for the most part individual cases 
unsuitable for analysis in a presentation of 
this nature. 


CONCLUSION 


1. Moving field cobalt 60 beam therapy 
can be delivered with ease and with ac- 
curacy by means of the theratron. 

2. Rather large field sizes have been 
necessary to ensure complete enclosure of 
the tumor bearing area within the zone of 
effective irradiation. 

3. Rotational techniques may be em- 
ployed on residual or recurrent disease for 
their additional skin sparing effect. 

4. Experience has indicated that no 
more than 36 per cent of all cases treated 
with cobalt 60 irradiation are suitable for 
rotation. 


SUMMARY 


1. Rotation techniques with the thera- 
tron have been employed in 148 or 36 per 
cent of 412 patients treated with cobalt 60 
beam therapy between July 23, 1954 and 
March 1, 1957, at the Ontario Cancer 
Foundation Windsor Clinic. 

2. Cobalt 60 irradiation has played a 
part in the primary treatment of 315 or 
29 per cent of new patients admitted dur- 
ing the past three years. 

3. Field sizes exceeding 100 sq. cm. have 
been required in g1 per cent of patients 
treated by rotation. 

4. Criteria for the selection of patients 
suitable for rotation treatment are out- 
lined. 
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5. An analysis of 148 patients has been 
made by site and choice of treatment tech- 
nique. 

6. Tumor doses have averaged 1,000 r to 
the tumor per six-day week for treatment 
periods ranging from four to ten weeks. 


John H. Maus, M.D. 

The Ontario Cancer Foundation 
Windsor Clinic 

Metropolitan General Hospital 

Windsor, Ontario 
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CONSIDERATION OF ROTATION THERAPY WITH 
THE 22.5 MEV. BETATRON* 


By MORTON M. KLIGERMAN, M.D., 


NORAH bvV. TAPLEY, M.D., and 


GINETTE JACOB, B.A. 


NEW YORK, NEW YORK 


RECENT years an increasing interest 
in rotation therapy can be attributed 
primarily to its advantage of providing a 
therapeutic dosage level in the tumor-bear- 
ing volume without significantly affecting 
the skin. However, examination of the 
complete isodose distribution indicated that 
in many instances the dose in the surround- 
ing tissues was at an undesirably high level. 
This increase in the integral dose to the 
non-tumor bearing volume was accepted 
as necessary in achieving the desired tumor 
dose. Also, it was apparent to many that 
as the voltage increased, advantages ac- 
crued with respect to the tumor-dose skin- 
dose ratio, as well as to the tumor dose as 
compared with the dose received by the 
surrounding tissues other than skin. In 
addition, it also was evident that as the 
voltage increased the cross-sectional diam- 
eter of the tumor was less restrictive in 
that one was able to deliver the tumor dose 
desired and still remain within skin toler- 
ance. 

As the experience with supervoltage 
equipment became more widespread, and 
especially with the introduction of the 22.5 
mev. betatron as a practical clinical tool, 
attention was directed to the dose delivered 
to the surrounding normal structures. In- 
deed, the skin failed to be a factor in the 
limitation of dosage to the tumor. However, 
in the case of energies in the range delivered 
by the betatron and some linear accelerators 
available and under construction, the dose 
to normal tissues other than the skin can be 
undesirably high when fixed ports are used. 
In order to eliminate this disadvantage, 
and thereby increase the usefulness of this 
megavoltage instrument, the present au- 


thors decided to investigate the possibilities 
of rotation therapy with the betatron. 

Examination of the dosage distribution 
between two opposing betatron ports re- 
veals a surprising homogeneity except for 
the 2 cm. immediately below the skin. The 
variation in dosage is not more than 14 per 
cent whether the distance between the 
ports is 10 cm. or 36 cm. Therefore, if such 
a structure as the esophagus were to be 
treated by simple opposing ports, though 
more than adequate dosage could be di- 
rected to the tumor without significantly 
affecting the skin, the dose to the lung 
fields, heart, and spinal cord would be 
identical and excessive. Here one may 
utilize the well known set up of three ports 
at the corners of an equilateral triangle with 
all beams centered on the tumor. Even with 
this treatment plan, the dose to the normal 
structures can exceed the known desirable 
level. One aim of treatment planning is to 
reduce the dose to the non-tumor bearing 
volume to a minimum. 

A second situation which has intrigued 
the authors for several years is the signifi- 
cance of the penumbra associated with cer- 
tain cobalt units. Because of the large diam- 
eter of the source and the short distance 
available for collimation, the penumbra of 
the cobalt source can be 3 cm. wide, deliver- 
ing a dose which is s0 per cent of the pri- 
mary beam. This penumbra has been dis- 
regarded in some quarters because of the 
fact that it will not cause a significant reac- 
tion in the skin. This lack of significant re- 
action, however, does not necessarily apply 
to the deeper tissues. 

Accordingly, five typical treatment situa- 
tions were considered in such regions as the 


* From the Department of Radiology, College of Physicians and Surgeons, Columbia University, and the Radiologic Service of the 
Presbyterian Hospital, New York, New York. Presented at the Thirty-ninth Annual Meeting of the American Radium Society, Quebec 


City, Quebec, Canada, May 29-June I, 1957. 
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head, thorax and pelvis. An attempt was 
made to develop ideal treatment plans for 
lesions of varying size and eccentricity 
utilizing the energies of 250 kv., Co®, and 
betatron. Plans for fixed ports and rotation 
were evolved, based on complete calculated 
and measured isodose distributions. The 
measured dosage distributions were ob- 
tained by the technique of placing small 
ionization chambers (Baldwin-Farmer) in a 
human-shaped pressdwood phantom. In 
addition, measurements were made of the 
“chest” utilizing cork (0.3 unit density) as 
lung equivalent material. These plans were 
analyzed with the specific idea of ascertain- 
ing any advantages which might accrue by 
betatron rotation. The standards used to 
evaluate the treatment plans are these: 

1. Field definition, demonstrated by the 
rapid drop off of the dose from the 
periphery of the tumor-bearing vol- 
ume to a value 50 per cent of the tu- 
mor dose. 

2. Tumor dose homogeneity, comparing 
the axis dose to the dose at the lateral 
border of the tumor-bearing volume. 

3. Skin dose-tumor dose ratio, taking as 
the tumor dose the desired dose. 

4. Simplicity of execution, where com- 
plete rotation with the axis at the cen- 
ter of the tumor was considered the 
optimum set-up. 

5. Correlation of the measured dose in 
the tissues to the calculated dose, with 
special reference to transmission 
through lung tissue. 

6. Limitation of cross-sectional 
size. 

7. Weighted skin dose, rather than the 
conventional maximum skin dose 
(Fig. 1). 

The superiority of a particular treatment 
plan is purely a physical one dependent 
upon the anatomic relationship of the tu- 
mor to the body region and the energy of 
radiation employed. The following ana- 
tomic situations were considered: small and 
large central head lesions, small and large 
eccentric head lesions, and small and large 


field 


Marcu, 1958 


% DOSE | PRODUCT, 


20 3000 600 | 
30 4000} 1200 


50 | 5000| 2500 
WEIGHTED TOTAL: 4300r 


30% =4000 + 


Fic. 1. Diagrammatic representation of the manner 
in which the weighted skin dose is obtained. The 
percentage of the total skin area receiving a par- 
ticular average skin dose is found. Each average 
skin dose is multiplied by the corresponding per- 
centage of the total area. The several products 
are then summated to obtain the weighted skin 
dose. This represents a number which is used for 
comparison between several plans. It is considered 
a better standard in estimating the desirability of 
a particular plan in relation to the skin dose than 
the maximum skin dose which is normally used. 


central chest lesions. The latter two situa- 
tions could also apply to the pelvis as the 
relative cross-sectional diameters are com- 
parable. However, in the case of the chest 
lesions .consideration was given to the 
transmission through lung tissue to de- 
termine the possible difference between the 
calculated and measured dose. Other ana- 
tomic situations are excluded because fixed 
betatron ports are satisfactory. 

Small central and small eccentric head 
lesions are excellently treated by betatron 
rotation with characteristic sharp delinea- 
tion of the high dosage area within the tu- 
mor-bearing volume and an_ extremely 
favorable skin dose. However, many such 
cases have been treated with 250 kv. with- 
out any untoward effects, as evidenced by 
cases followed for more than five years. By 
a small lesion in the head, we refer to one 
where the cross-sectional diameter does not 
exceed 5 cm. 


LARGE CENTRAL HEAD LESION 


Figures 2 and 3 illustrate a large (8 cm. 
diameter) central lesion within the cranium. 
A tumor dose of 5,000 r in five weeks is 
desired. If fixed ports are employed using 
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either 250 kv. or the betatron, undesirably 
high doses occur within the normal brain 
substance. Using rotation therapy with 250 
kv., a large volume of tissue is irradiated to 
a dose above 4,000 r. However, with beta- 
tron rotation, the definition of the beam is 
excellent. The tissue dose falls to 50 per 
cent of the tumor dose 1.9 cm. from the tu- 
mor border. As will be seen subsequently, 
this point where the dose drops to s0 per 
cent varies between 17 and 26 mm. in beta- 
tron rotation no matter whether the lesion 
is large, small, central or eccentric, and 
without regard to body diameter. 

The homogeneity within the tumor-bear- 
ing volume is +6 per cent for the 250 kv., 
and +3.5 per cent for the betatron. The 
maximum skin dose is 76 per cent of the tu- 
mor dose for 250 kv., and only 26 per cent 
in the case of the betatron. The weighted 
skin dose which gives a more complete indi- 
cation of “total” skin dose is 3,000 r for 250 
kv., but only 1,000 r for the betatron. 

All of the situations were also planned 
for cobalt 60 beam rotation using isodose 
curves of a standard cobalt 60 rotating 
unit with a 3 cm. penumbra. It was our 
feeling that penumbra can appreciably add 


250 KV 22.5 Mw. 


8x9 8x9 


Fic. 2. Large (8 cm.) central head lesion. Comparison 
of plans for 250 kv. and 22.5 mev. rotation. The 
salient features are the rapid drop off from the 
periphery of the lesion in the 22.5 mev. plan so 
that the non-tumor bearing volume and the skin 
receive a minimum dosage. The 250 kv. plan re- 
veals that almost the entire body segment receives 
a dose of 3,000 r with the majority of it receiving 
a dose above 4,000 r. The 250 kv. plan cannot be 
accomplished satisfactorily in practice. 
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Fic. 3. Large (8 cm.) central head lesion. Comparison 
of plans for a standard cobalt 60 unit with a 3 cm. 
penumbra and a cobalt 60 unit from which the 
penumbra has been theoretically removed. The 
actual plan with penumbra is little better than 
the 250 kv. plan (see Fig. 2). When the penumbra 
is removed, the plan is acceptable and compares 
favorably with betatron rotation. 


to the integral dose even though no sig- 
nificant effect is visible on the skin since 
the 100 per cent dosage level is sufficiently 
below the skin surface. This large central 
head lesion was planned for cobalt 60 beam 
rotation using the true depth dose curves 
and using isodose curves which excluded 
the penumbra (Fig. 3). Though the plan 
with penumbra is superior to the 250 kv. 
plan, there is considerable dosage to the 
non-tumor bearing volume. Laterally, the 
dose never falls to 50 per cent, while ante- 
riorly and posteriorly the distance from the 
lateral tumor border to the 50 per cent point 
is § cm. The weighted skin dose is 2,600 r 
though this is well within acceptable levels 
at this energy. Using isodose curves omit- 
ting the penumbra, one can see the super- 
iority of the; plan. Laterally, the 50 per 
cent point is 27 mm. from the lateral tumor 
border and anteriorly it is 18 mm. In several 
regions the distance is greater than these, 
however. The weighted skin dose is 2,100 r. 
Though the dose delivered to all of the 
tissues other than the tumor is not as good 
as with betatron rotation, cobalt 60 rota- 
tion without penumbra is acceptable and 
significantly better than a poorly defined 
cobalt 60 beam. Cobalt 60 rotation with a 
poorly defined beam is not significantly 


g 


1958 
Co 8x9 
8x9 NO PENUMBRA 
00 00 500 
3000 000 

00 
0 
Or 

nner 
The a 

par- 

rage | 
per- 
ucts 
skin 
y of 

han 
sed. 

the 
m- 
est 
he 
| 

he 
1a- 
= 
OO 1500 : 
ad 3000 
on 4000 
5000 
u- | 
h- 
3 4 
ne 
ot 

> 
4 

1g 


390 Morton M. Kligerman, Norah duV. Tapley and Ginette Jacob 


250 KV 
Bom 
TD 6000 


OMIT 


Marcu, 1958 


22.5 Mev 


Fic. 4. Large eccentrically placed head lesion. Both the 250 kv. plan and the plan with a standard cobalt 
60 unit with a 3 cm. penumbra are not satisfactory because of the large dose delivered to the non-tumor 
bearing area and the skin. The betatron plan shows excellent definition of the dose to the tumor bearing 
volume. It is of interest that in the betatron plan homogeneity within the tumor bearing volume is obtained 


by the omission of contralateral segments. 


better than 250 kv. rotation except for the 
lack of skin reaction. 


LARGE ECCENTRIC HEAD LESION 


Figure 4 illustrates a large eccentric head 
lesion measuring 8 cm. in diameter with the 
center of the tumor 3.5 cm. below the skin. 
Excellent delineation of the high tumor 
dose is obtained by omitting one segment 
on the contralateral side. The fall off is such 
that anteriorly the dose drops to 50 per 
cent of the 6,000 r tumor dose at a distance 
of 23 mm. Because the tumor is adjacent to 
the skin, the skin dose is necessarily high. 
However, it will be noted that the maxi- 
mum skin dose of 4,800 r extends over the 
surface for only 4.5 cm. In addition, the 
skin dose falls off rapidly from this level, 
resulting in a weighted skin dose of 1,700 r. 
In order to confine the high dosage region 
solely to the tumor, the rotation plan must 
be modified by the omission of one arbi- 
trary segment, namely the one contributing 
most to the lateral tumor border. Examina- 
tion of a betatron isodose curve indicates 
that the elimination of the contralateral 
segment most satisfactorily modifies the 
distribution pattern, giving a homogeneity 
of +7 per cent. The delivery of the high 


dose of 6,000 r to a large eccentric volume is 
perfectly feasible by betatron rotation. 
When compared with 250 kv. rotation, one 
can see that such a dosage level cannot be 
obtained. Furthermore, the non-tumor 
bearing tissue is treated to relatively large 
doses so that neither in the anteroposterior 
direction nor in the lateral direction does 
the dosage fall to 50 per cent of the tumor 
dose. Almost every portion of the irradiated 
area receives at least 50 per cent of the 
tumor dose. With 250 kv., two segments on 
the homolateral side must be omitted to 
compensate for the eccentricity of the 
tumor. The weighted skin dose is 3,600 r 
and exceeds what can be delivered safely. 
Interestingly enough, when this situa- 
tion was planned for cobalt 60 rotation with 
penumbra, the dosage distribution through- 
out the cross-section was not significantly 
improved over 250 kv. The weighted skin 
dose was 3,300 r. Fixed betatron ports 
would deliver a large dose to all areas of 
tissue within the beam and on certain plans 
would reach 70 per cent of the tumor dose. 


SMALL CENTRAL CHEST LESION 


In considering the treatment of a small 
central chest lesion (Fig. 5 and 6), there is 
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little difficulty in obtaining the desired 
tumor dose with rotation therapy at any 
voltage. However, with the desire to keep 
dosage to the lungs at a minimum level, the 
superiority of the rapid drop off obtained 
with betatron rotation is evident. The dose 
falls to 50 per cent of the 5,000 r desired tu- 
mor dose 30 mm. laterally and 18 mm. an- 
teriorly. The major portion of the lung re- 
ceives not more than 1,500 r. Inspection of 
a three port plan reveals that for 5,000 r in 
the center of the chest there are at least two 
areas in the lung field receiving 2,500 r. 
A similar dose is received on the cord. 
Futhermore, since at times a tumor dose of 


250 KV 
6x15 


Fic. 5. Small slightly eccentric thoracic lesion. The 
excellent definition of the dose in the tumor bear- 
ing volume by means of the betatron using simple 
rotation is apparent. The 250 kv. plan is accept- 
able, however, although the high dose area is not 
as sharply defined as with the betatron, and the 
anterior segment must be omitted. 
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22.5 Mev. 
STATIONARY 
6X5 


Fic. 6. Small slightly eccentric thoracic lesion. Com- 
parison of plans using fixed betatron ports and 
rotation with cobalt 60 with penumbra. The 
cobalt 60 plan is little better than the 250 kv. 
plan. The stationary port betatron plan is not 
considered as satisfactory as the betatron rotation 
plan by the authors because of the local hot spots 
which are eliminated by rotation. 


6,000 r is desirable in these cases, one can 
see that there would be even higher doses 
in the normal tissue than indicated in 
Figure 6. 

It is of interest to compare the betatron 
plan with 250 kv. and cobalt 60 rotation. 
Because of the penumbra of the cobalt 60 
beam and the resultant poor delineation 
of the field, there is little advantage over 
250 kv. rotation with respect to the 
tissues below the skin. The skin dose is 
acceptable at 250 kv., though not as favor- 
able as with cobalt 60. The weighted skin 
dose for the betatron is goo r while that for 
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cobalt 60 is 1,700 r and for 250 kv., 2,000 r. 

There is one disadvantage of the beta- 
tron plan. A field of small cross-section de- 
velops a central dosage peak 20 per cent 
higher than the selected tumor dose. This 
peak covers an area approximately two- 
thirds of the entire tumor-bearing volume. 
As will be seen in a subsequent plan the 
peak varies inversely with the cross-sec- 
tional field size. 

It is interesting to observe the calculated 
as opposed to the measured doses obtained 
when a solid pressdwood phantom was used 
as compared to a pressdwood phantom in 
which the area of the lung was replaced by 
cork (0.3 unit density) which is approxi- 
mately equivalent to human lung. With 
cork, the dose to the tumor with betatron 
rotation was only 4 per cent higher than the 
calculated tissue dose which disregarded 
lung. The dose within the lung itself was 
the same as calculated on the basis of unit 
density throughout the body cross-section. 
A similar lesion treated with three fixed 
ports would receive 3 per cent more than 
calculated while the lung would receive a 
dose 6 per cent lower than calculated. With 
cobalt 60 the dose is 10 per cent higher at 
the tumor than that calculated on the basis 
of the unit density material. With 250 kv. 
the dose at the tumor as measured is 17 per 
cent higher and in the lung 5 per cent 
higher than that calculated on the basis of 
the unit density material. 

Since there is no doubt that three fixed 
betatron ports is an acceptable method of 
treatment, it is worthwhile pointing out 
that the dose to the lung with rotation is 
smaller. Furthermore, accurately directed 
fixed betatron ports require cast technique. 
Rotation therapy is easier to set up. If one 
has rotation apparatus one could use this 
to set up three or more fixed ports very 
simply. This would be accomplished by 
localizing the patient each day as for rota- 
tion but then treating only three segments. 


LARGE CENTRAL CHEST LESION 


A tumor in the trunk with cross-sectional 
diameter of 12 cm. is not satisfactorily 
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treated with 250 kv. or cobalt 60 rotation 
with a poorly defined beam (Fig. 7 and 8), 
Obtaining a tumor dose of 5,000 r is im 
possible with 250 kv. rotation even if seg. 
ments are dropped anteriorly and_pos- 
teriorly. The dose to the lung varies be- 
tween 60 and go per cent of the tumor dose, 
The drop off to 50 per cent is not present 
at any point except at the skin. Cobalt 60 
rotation with penumbra is little better. The 


250 Kev 


22.5 Mev. 


Fic. 7. Large central thoracic or pelvic lesion. Com- 
parison of plans for the betatron and 250 kv. 
rotation. In the orthovoltage plan the high dose 
is seen to extend over one half of the cross-sec- 
tional diameter whereas the excellent definition 
of the betatron plan is apparent. From a review of 
Figures 2, 3, 4, 5, 6 and 7, it is apparent that 
whether the lesion is large or small, central or 
eccentric, and whether the cross-sectional diam- 
eter of the body is large or small, excellent defini- 
tion of the high dose to the tumor bearing volume 
is obtainable only on the betatron. A satisfactory 
plan could also be obtained with cobalt 60 if the 
penumbra were reduced to a minimum. 
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Jungs receive a tumor dose within 50 to go 
per cent of that delivered to the tumor. In 
the anterior or posterior dimension the 
minimum dose never approaches 50 per 
cent of the tumor dose below the skin. 
Laterally, the 50 per cent point is 6 cm. 
from the border of the estimated lesion. 
The betatron dose within the normal 


22.5 Mev. 
12 X15 
STATIONARY 


Fic. 8. Large central thoracic or pelvic region. Com- 
parison of plans utilizing 2 opposing fixed betatron 
ports and cobalt 60 rotation with penumbra. The 
stationary opposing betatron ports necessarily 
deliver an undesirably high dose to the tissues 
anterior and posterior to the area of interest. This 
disadvantage is eliminated in the rotation plan 
(see Fig. 7). The cobalt rotation plan is slightly 
hetter than the 250 kv. rotation plan. 
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tissues drops to the 50 per cent point 25 
mm. laterally and 26 mm. anteriorly and 
posteriorly. The dose within the tumor is 
extremely homogeneous, +2.5 per cent. 
Tumor homogeneity is +1.5 per cent at 
250 kv., and +4 per cent with cobalt 60 
rotation. With this diameter of 12 cm., the 
peak observed in the 6 cm. betatron 
field (Fig. 5) practically disappears. The 
weighted skin dose is 1,200 r as compared 
with 2,400 r for cobalt and 3,000 r for 250 
kv. 

Phantom measurements were made using 
0.3 unit density material to represent lung. 
These measurements were compared with 
the calculated values. For the betatron, the 
tumor dose was only 2 per cent higher than 
calculated, while the doses within the lung 
were identical. For cobalt 60, the tumor 
dose was 7 per cent higher than calculated, 
while the doses within the lung were iden- 
tical. For 250 kv., the tumor dose was II 
per cent higher, and the dose to the lung 
was 3 per cent higher. 


SUMMARY 


. With energies in the range of 22.5 mev., 
pei anatomic areas are not suitably 
treated by simple opposing ports. In these 
instances described above, rotation therapy 
offers a solution. 

2. Rotation therapy with the betatron 
in general gives excellent delineation of the 
high tumor dose to the area of interest, 
yielding remarkably low doses in the non- 
tumor bearing tissue as well as the skin. 
This is achievable without regard to size or 
location of the lesion. 

3. Rotating cobalt 60 beams with large 
penumbra do not offer significant physical 
advantages over 250 kv. rotation except in 
regard to skin reaction. 

Morton M. Kligerman, M.D. 


622 West 168th Street 
New York 32, New York 
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ROTATION THERAPY AT 250 KV.* 
By ROBERT ROBBINS, M.D., and K. C. TSIEN, M.A. 


PHILADELPHIA, PENNSYLVANIA 


A’ Temple University Medical Center 
250 kv. rotation therapy has been used 
for five years, and cobalt 60 rotation ther- 
apy for somewhat less than one year. Since 
any detailed comparison of the two forms 
of treatment at this time would be pre- 
mature, some general statements may be 
made as regards rotation therapy. First, 
rotation therapy is a technique (and 
only a technique) which belongs in the 
therapist’s armamentarium; second, all of 
the observed effects of treatment are at- 
tributable to the dose absorbed; that is, 
they are explainable on the basis of dose 
distribution. It is not necessary to invoke 
differing biologic effectiveness for various 
energies, or a biologic difference between 
fixed and moving beam techniques. This 
statement is made as a matter of observa- 
tion and opinion, but since it is subject to 
argument, it is proposed as a premise for 
the discussion to follow. Based on this 
premise, the various techniques may be 
compared by considering the dose distribu- 
tion only, and if the clinical observations 
are confirmed, the analysis may be accepted 
as useful. 

From the standpoint of the clinical 
response as well as the local, constitutional 
and cutaneous reactions, the great gain in 
our institution occurred when rotation 
therapy with 250 kv. was instituted, as 
opposed to multiple field techniques with 
similar voltage. At this early date no addi- 
tional improvement is noted from the intro- 
duction of cobalt 60 rotation therapy. In 
fact, it is somewhat difficult to say whether 
any superiority over the 250 kv. rotation 
therapy exists. This is in sharp contrast to 
the observations made with fixed field 
techniques, where the superiority (in terms 
of local reaction and skin reaction) of the 
cobalt 60 radiation over the 250 kv. roent- 


gen rays is quite obvious. There may be 
some advantages as regards tumor response 
and local reaction, but this may easily be 
due to difference in dosage. For example, we 
had been treating many pelvic lesions with 
250 kv. rotation to 3,500 rads in four weeks, 
and are now giving 4,000 rads in four weeks 
with cobalt 60 rotation. This larger dose 
was arrived at arbitrarily. The reaction of 
the vaginal mucosa, however, is somewhat 
more vigorous and consistent and the pa- 
tients have a somewhat more severe diar- 
rhea with this latter type of treatment, so 
that it is conceivable that there is no differ- 
ence in the relative biologic effectiveness 
and the enhanced effect is simply due to the 
larger dosage. When the uncertainty of 
calibrating the cobalt 60 unit with a 
Victoreen dosimeter and the variation of 
what is meant by field size with cobalt 60 
rotation as opposed to 250 kv. rotation are 
also taken into account, the difficulty in 
detecting and understanding these differ- 
ences is explainable. One may appear justi- 
fied, therefore, in assuming, within the 
limits of observable effects, that the clinical 
response is a function of the dose distribu- 
tion. 


GENERAL CONSIDERATION IN ROTATION 
DOSE DISTRIBUTION 


In the case of rotation the homogeneity 
dose ratio, that is the relative dose received 
at any particular point in the irradiated 
region, taking the tissue dose received at 
the center of rotation as 100, can be ex- 
pressed by a general equation: 

= 

De T 
where H is the homogeneity dose ratio, 
Dp is the average dose per unit time re- 
ceived at point P during the time ¢ exposed 


* From the Temple University Medical Center, Philadelphia, Pennsylvania. Presented at the Thirty-ninth Annual Meeting of the 
American Radium Society, Quebec City, Quebec, Canada, May 29-June 1, 1957. 
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to the radiation, and Dc is the average dose 
per unit time received at the center during 
a complete cycle of rotation of time 7. The 
first expression Dp/ Dc can be considered as 
the absorption factor and the second one 
t/T as the time factor. 

If at present the scattered radiation out- 
side the beam is not considered, the time 
factor, t/T, becomes a known value and 
can be calculated from the geometric condi- 
tions, i.e. field size, target-axis distance and 
the distance of the point from the center. 
This factor is mainly a function of the ratio 
of distance of the point to the center and 
the half width of the field size at the axis 
with an additional correction factor of the 
divergence of the beam. The variation of 
this time factor with distances of points 
from the center for different field sizes is 
illustrated in Figure 1. It is independent of 
the energy of radiation applied and the 
physical dimensions of the patient’s body. 

It can be easily seen that when the point 
is further away from the center, the time 
factor becomes smaller and the absorption 
factor, Dp/ Dc, becomes larger with the ex- 
ception of the point so near the surface in 
the “build-up” region in the case of super- 
voltage radiation. The major reason for the 
reduced dose at points further outside the 
beam is the prominence of the decrease in 
the time factor compared with the increase 
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in the absorption factor. From the equa- 
tion, the time factor may be considered as 
the slopes of a series of straight lines plotted 
for H against Dp/De. The advantage in 
dose distribution of using higher energy of 
radiation would depend upon how much 
smaller is the absorption factor obtained 
in comparison with lower energy radiations. 


THE $O PER CENT ISODOSE LINE IN A 
COMPLETE 360° ROTATION 


If the scattering outside the beam is 
negligible and the ratio of the average dose 
rate of a point while in the beam to the 
dose rate at the center is close to one, the 
50 per cent isodose line in a complete 360° 
rotation is at a distance 1.4 times the 
half width of the field at the axis. In 
other words, the 1.4 times the half width 
of the field at the axis is the minimum 
distance for the 50 per cent isodose line in 
the rotation dose distribution, unless the 
points at that distance are already in the 
“build-up” region near the entrance surface 
with supervoltage radiations. 

These generalizations about rotation 
dosage distributions will be discussed in a 
more detailed paper by Tsien (to be pub- 
lished). 


OPPOSING FIXED FIELDS VERSUS MOVING 
FIELDS AT 250 KV. 


Using the pelvis as an example, the rela- 
tive doses along the anteroposterior and 
transverse diameters are plotted in Figure 
2. It is clear that a great gain in homogene- 
ity of the tumor-skin dose has been 
achieved by continuous rotation. The rela- 
tively small effect of increasing part thick- 
ness is of interest. The lower central dose 
with opposing fixed fields is constantly 
observed and it will be shown in a separate 
communication that this is universally true 
for exponentially absorbed radiations. 


COMPARISON OF 250 KV. AND COBALT 60 
DOSE DISTRIBUTIONS WITH FIXED AND 
MOVING FIELDS 


Again using the pelvis as an example, 
Figure 3 shows that: (1) The generalization 
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RELATIVE DOSES ALONG AP AND LATERAL AXES 
OF PATIENTS WITH DIFFERENT DIMENSIONS 
1.7mm cu, field size of center 4x20cm 


Two opposing fieids— AP axis 


Rotation — 360 deg 
TAD 85cm 
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Distence trom the center along AP or Lot onis 
of the petient. cm 
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about lower central doses for 2 opposing 
fields holds for cobalt 60, although its uni- 
formity is superior to 250 kv.; (2) with com- 
plete rotation, the uniformity of cobalt 60 
and of 250 kv. within the edges of the beam 
is essentially identical, and comparison 
must therefore be made at points outside 
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the beam; (3) in cobalt 60 rotation the dose 
distribution outside the beam is somewhat 
better than in 250 kv. rotation, although 
notable improvement over the dose dis- 
tribution with opposing fixed fields has 
been achieved at either energy. 


EFFECT OF ““TIME IN BEAM” ON 
DISTRIBUTION 


The effect on dose distribution of the 
“time in beam” for various points shows 
that this is a major factor in reducing the 
dose to points outside the beam, as shown 
in Figure 1. This may also be plotted in 
dimensionless form (in relative distance 
units), when a single curve of this shape is 
obtained. 

The effects are shown in Figure 4 for a 
small field and part size. The relatively 
small differential between “time in beam” 
only, cobalt 60 rotation and 250 kv. rota- 
tion is apparent. We may infer that the 
higher energy devices must produce a dose 
distribution curve between that of the co- 
balt 60 rotation and the “time in beam” 
curve. Fhis may be somewhat more striking 
with larger areas (Fig. 5). 


Nasopharynx — Rotation 


HVL. 1.7mm.cu. with lead strips Co60- 260 deg. rotation 
Patient's Dimension: 20x/4cm. 
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Rotation Therapy at 250 Kv. 


Pelvis - Rotation 
FS.14x20 cm. at axis 
Patient's Dimension: 


Relative Dose 
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INTEGRAL DOSE 


We have calculated the integral dose and 
observed its effect for several years. While 
we agree that all things being equal, there 
is no question that the technique giving 
the smaller integral dose should be used, 
we are unable to correlate integral dose 
with observable clinical effect, and, there- 
fore, we believe that the importance of this 
factor, for practical purposes, should be 
minimized. We would not abandon an 
otherwise good treatment plan for a 
poorer one because of integral dose con- 
siderations. 


PRACTICAL EXPERIENCES 


These include experiences with: (1) 
Shielding difficulties; (2) area differences; 
and (3) penumbra effect. 

Figures 6 and 7 show a shielding problem 
as we have encountered it in treating a le- 
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sion of the nasopharynx with the two 
energies under discussion, employing rota- 
tion techniques. With 250 kv., a double 
thickness of 4 lb. lead, incorporated into a 
plaster band, is used for blocking out each 
eye sector; such a simple device is not pos- 
sible with cobalt 60, where a similar atten- 
uation requires lead of 2 inch thickness. As 
a result we had to resort to partial rotation, 
which with our unit is not accomplished to 
the high degree of accuracy we desire. 

The collimator setting of field size on our 
cobalt 60 machine turns out experimentally 
(and we found later, by design) to be the 
area enclosed by 50 per cent isodose lines. 
No such consideration has been generally 
employed in discussing field size at 250 kv., 
but we believe that the corresponding num- 
ber must be to about the 80 per cent lines. 
It is obvious that even a simple statement 
of field size introduces some uncertainty, 
not only in dose distribution, but in dose 
level as well. 

Penumbra becomes a problem for con- 
cern only in small field-small part situa- 
tions, especially when partial rotation or 
shielding is employed. A wide penumbra 
makes it more difficult to achieve a sharp 
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dosage gradient, when this is desired. In 
large field-large part problems, penumbra 
seems to us not to be as important, except 
in that a wide penumbra must contribute 
unnecessary integral dose. We cannot con- 
ceive of a situation where a wide penumbra 
would be an asset, as has been suggested. 

A major handicap with cobalt 60 therapy 
units is the difficulty of getting portal align- 
ment films. We consider this a_ serious 
limitation, which demands a practical solu- 
tion. 

Finally, we would like to emphasize that 
we have no intention of abandoning super- 
voltage rotation therapy. We wished to 
point out only that some rotation tech- 
niques are not improved upon by employing 
super-voltage machines, and that some new 
problems are introduced at higher energies. 
We also believe that if any superior clinical 
results are to be achieved by the use of 
rotation, it will be only done by using more 
careful estimation of the dosage distribu- 
tion. 


CONCLUSIONS 


We believe that observable differences in 
effects from rotation or fixed field treatment 
at various energies can be accounted for on 
the basis of dose distribution alone. 

With 250 kv. rotation therapy, it is 
possible to get a higher dose throughout 
the central portions of the body. It is not 
possible to do this with two opposing 
fixed fields at 250 kv. 

If more than two opposing fields are 
necessary, then rotation is usually more 
economic. The time and care needed to do 
good treatment are less with rotation, and 
the treatment is more reproducible. 

Once moving field techniques are resorted 
to, the use of higher energies does not lead 
to vast improvement over 250 kv. However, 
in every case, 250 kv. rotation is inferior in 
dose distribution to rotation at higher 
energies, although the difference in small 
field problems may be small. 

We believe that rotation therapy 1s 
merely a technique in the practice of ir- 
radiation. There are few tumors in which 
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rotation therapy is the only good way to 
treat the lesion. The attractions are those 
of convenience, simplicity and accuracy; 
any improvement in results will, in our 
opinion, be due to these factors. 

In many situations where the superiority 
of cobalt 60 rotation over 250 kv. rotation 
is not clear, the latter may have advan- 
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tages in economy, shielding, penumbra and 
localization filming which establish for 250 
kv. rotation a valid place in modern 
therapy. 


Robert Robbins, M.D. 
3401 N. Broad Street 
Philadelphia 40, Pennsylvania 
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TRANSIT DOSE SYSTEM FOR COBALT 60 ROTATING 
TELETHERAPY EQUIPMENT* 


By CARL B. BRAESTRUP, GEORGE HERTSCH, and RICHARD T. MOONEY 


NEW YORK, NEW YORK 


ar IS well recognized that there may be 
considerable difference between the ac- 
tual dose distribution in the patient and the 
calculated isodose pattern determined from 
measurements in homogeneous phantom 
material, such as water. This problem has 
been studied by using heterogeneous phan- 
toms constructed to simulate more closely 
the tissue density variations in the patient. 
Another approach is to determine the at- 
tenuation in the patient by measuring the 
exposure rate of the transmitted beam at a 
fixed distance from the source. The trans- 
mitted exposure is called the transit dose, 
for lack of a better term. Earlier reports, 
by Robbins and Meszaros‘ and by others,!? 
have indicated clearly the usefulness of the 
transit dose in the more accurate determi- 
nation of the dose distribution in the pa- 
tient. 

This paper is a report of a transit dose 
system developed for rotating teletherapy 
equipment. When using a rotating source, 
the measurement of the transit dose be- 
comes more complicated as the probe has to 
rotate also. Figure 1 shows diagrammati- 
cally the construction of our transit dose 
system and its principal electronic com- 
ponents. A well-collimated ionization cham- 
ber is mounted on the primary shield in 
line with the central beam. The ionization 
chamber is connected to a preamplifier, the 
output of which is connected in series 
opposition to the output from a pen posi- 
tion potentiometer. The difference between 
the two currents is converted into A.C. by 
means of the chopper and amplified in 
order to drive the pen motor. The net re- 
sult is that the radial travel of the pen is 
proportional to the ionization current. 
Synchronism between the cobalt unit and 


turntable is maintained by the A.C. servo- 
system. 

This method solved two basic engineer- 
ing difficulties encountered in the design of 
the transit dose system. The first difficulty 
was the utilization of an extremely low 
ionization current (of the order of 107 
amp.) and the signal transmission to the 
external control via slip rings. The problem 
was further complicated by the fact that 
the conductors in the control conduits were 
in the vicinity of strong electric fields. The 
second difficulty was the instability inher- 
ent in a high sensitivity servo-mechanism. 
The solution of this problem resulted in 
only a 0.2 degree lag between the turntable 
and the cobalt unit when the source rotated 
at 0.5 rpm. 

Figure 2 is a photograph of the turntable 
with the polar transit chart in position. It 
also shows the pen motor and auxiliary 
equipment. The apparatus is located at the 
operator’s position to permit observation 
during irradiation. 

Before considering individual transit dose 
patterns, attention should be called to the 
attenuation by the couch. During full rota- 
tion the regular aluminum couch absorbs 
only about 5 per cent of the radiation, but 
at the positions of its supports the absorp- 
tion is considerably higher for small angles. 
The effect of this attenuation is superim- 
posed on the transit dose pattern of the 
patient. In order to minimize this factor, a 
special plastic couch extension was con- 
structed. Such an extension offers con- 
siderable advantages from the point of view 
of dose distribution, but it is difficult to get 
the patient on and off. 

The difference in transit dose pattern for 
the two conditions is indicated in Figure 3. 


* From the Physics Laboratory, Francis Delafield Hospital, New York, New York, Presented at the Eastern Conference of Radiolo” 


gists, New York City, March 9, 1957. 
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Fic. 1. Transit dose system and its principal electronic components. 


Fic. 2. Turntable with polar transit 


chart in position. 


Each pattern is shown for one complete 
revolution; the greater the radial distance 
the higher is the transit dose and the lower 
is the attenuation for that particular angle. 
A phantom consisting of a skeleton, with 
low density material (0.32 gm./cc.) sub- 
stituting for lung tissue, was used in both 
cases. It will be seen that with the plastic 
extension the principal landmark is the 
dip caused by the attenuation by the 
sternum and spine, whereas with the 
regular treatment couch, the supports 
cause considerable drop in the transit dose. 

Figure 4 shows the obvious effects of a 1 
cm. horizontal shift to the left and to the 
right; it will be seen from this chart that 
even a slight shift can be readily detected. 

Figure 5 shows the transit dose pattern 
for rotation therapy of the pelvis of a pa- 
tient for 3.4 revolutions. It will be noted 
that there is very little variation between 
the patterns of the individual revolutions 
indicating that the patient remained in an 
almost fixed position during the entire 
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Fic. 3. Effect of treatment couch attenuation on transit dose pattern. 


treatment. This illustrates an important 
advantage of having the transit dose pat- 
tern plotted on polar coordinates whereby 
subsequent revolutions are retraced. With 
this system any motion of the patient after 
the first revolution will show a deviation 
from the original pattern. By using a con- 
ducting ink, this system may serve also to 
activate an alarm when the motion of the 
patient exceeds a predetermined value. 
Similarly, any error in positioning for 
subsequent irradiation will also be indi- 
cated as the same chart is used for the pa- 
tient during the entire course of treatments. 

The method for determining the tissue 
dose from the transit response is similar to 
that described by Pfalzner.* The relation 
between water thickness and transit dose 
has been determined for different field 
sizes and is shown in Figure 6. A 6 cm. 
thick aluminum absorber placed _ periodi- 


cally in the useful beam serves to maintain 
this relationship. The sensitivity of the 
system is increased so that the same 
response is always obtained with the alu- 
minum absorber in place, thereby compen- 
sating for source decay. Figure 6 serves to 
determine the water equivalent thickness 
of the patient. If the irradiated body sec- 
tion is homogeneous, the ratio of tumor 
depth to total thickness of the part can be 
used to obtain the water equivalent tumor 
depth. The corrected axis dose can then be 
determined by means of absorption scales 
and the dose at other points approximated 
from standard isodose charts using 100 pet 
cent at the axis of rotation. For the calcula- 
tion of the dose in nonhomogeneous body 
sections, two opposing fields are required to 
minimize the error caused by the asym- 
metric distribution of different density 
tissue. Calculations indicate that the maxi- 
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Fic. 4. Effect of a 1 cm. horizontal shift in phantom position. 


mum error for a thickness of less than 20 
cm. is of the order of 3 per cent. Our ioniza- 
tion chamber measurements in nonhomo- 
geneous phantoms showed an error within 
that range. 

Table 1 shows the ratio of the dose as 
determined from the transit response and 
the dose obtained by assuming unit density 
material for 3 typical cases requiring irradi- 
ation of the esophagus. As expected, the 
maximum ratio is obtained with the lateral 
fields when both lungs are in the beam. The 
ratio is minimum for the anteroposterior- 
posteroanterior fields where the sternum 
and spine are in the beam, and the average 
for all angles, for complete rotation. 

Table 11 shows the same ratio for cases 
tequiring irradiation of the pelvis. The first 
case is that of cancer of the cervix. The 
transit pattern for this case is shown in 
Figure 5. It had been anticipated that the 


presence of various bones would cause a de- 
crease in the tumor dose. As indicated, 
however, it was found that for complete 
rotation the effect of the bone was counter- 
balanced by low density parts with the re- 
sult that the corrected tumor dose was 
slightly greater than that obtained assum- 
ing unit density material throughout. As 
shown, significant variations can be ex- 
pected in the pelvic region since the transit 
response will depend upon how much bone 
is in the field. 

Table 111 shows the dose ratio for typical 
cases requiring irradiation of the thorax. 
The first case was that of cancer of the right 
lung. Because of the low density of normal 
lung tissue, an appreciable increase in tu- 
mor dose was anticipated. As indicated, a 
relatively low ratio was obtained. This may 
be explained by the fact that the tumor 
occupied one-third of the entire thoracic 
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Fic. 5. Transit dose pattern for rotation therapy of the pelvis of patient No. 8481. 


cross-section. The effect of the higher tumor 
density (approximately 0.9 gm./cc.) tends 
to offset the effect of the much lower lung 
density (approximately 0.3 gm./cc.). 


TABLE I 


DOSE RATIO*—ESOPHAGUS 


Patient Antero- Complete 
No. Lateral Posterior Rotation 
Postero- 
anterior 
7329 1.35 0.92 1.13 
8555 1.61 1.04 Fs, 


8688 1.29 5603 1.15 


* Ratio of the dose as determined from the transit response 
and the dose obtained assuming unit density material. 


Transit dose patterns made of the chest 
indicated a ripple, which, at first, was be- 
lieved to be due to electric pick-up caused 
by a defect in the system. A further analysis 
utilizing a linear chart recorder proved it 


Taste II 
Patient Part Ir- Techni Dose 
No. radiated a Ratio* 
8481 cervix complete rotation 1.04 
8725 cervix complete rotation 0.97 
8765 cervix complete rotation 0.95 
7249 cervix complete rotation 1.06 
8610 cervix two opposing fields 0.91 
7662 bladder complete rotation 0.95 
complete rotation ° 


7263 pelvis 


* Ratio of the dose as determined from the transit response 
and the dose obtained assuming unit density material. 
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WATER THICKNESS 


Fic. 6. Graph showing the relationship between 
water thickness and response of transit dose re- 
corder for different field sizes. 


was due to the respiration of the patient. A 
very significant periodic variation in the 
transit dose was found with a stationary 
beam passing through the right lung of the 
patient. To prove definitely that it was due 
to respiration, the patient was told to take 
a deep breath and hold it, breathe again 
and then to exhale and hold it. As indicated 
on the linear chart (Fig. 7), the breathing 
caused as much as 15 per cent difference in 
the attenuation during inspiration and ex- 
piration. Obviously, it is not suggested that 
kilocurie equipment be used for studying 
the respiration rate. Yet, the transit re- 
sponse may possibly have some practical 


Taste [II 

Patient Part Techni Dose 
No. Irradiated Ratio* 
8385 lung two opposing fields 1.09 
8681 lung two opposing fields 1.09 
7098 lung two opposing fields 1.07 
7288 lung two opposing fields 1.21 
8654 lung two opposing fields 1.18 
2018 mediastinum two opposing fields 0.95 
8og8 spine two opposing fields 0.92 
8601 tonsillar fossa two opposing fields 1.03 


* Ratio of the dose as determined from the transit response 
and the dose obtained assuming unit density material. 
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Fic. 7. Linear chart showing the variation of 
transit dose due to respiration. 


diagnostic applications. 

This possibility is now being studied by 
means of an automatic scanning device us- 
ing a well-collimated beam from a gamma 
source of a few millicuries. The detector is a 
scintillation counter connected to a re- 
corder. This permits scanning across any 
part of the body with the resultant graph 
showing the relative attenuation. The main 
advantage of this system appears to be the 
possibility of obtaining quantitative analy- 
sis of density changes due to tumor growth 
or shrinkage. 


Carl B. Braestrup 
99 Fort Washington Avenue 
New York 32, New York 
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SOME OBSERVATIONS ON THE EFFECT OF COBALT 
60 BEAM THERAPY ON EPIDERMOID CARCINOMA 
DURING THE FIRST FIVE-YEAR STUDY PERIOD* 


By IVAN H. SMITH, M.D., M.Sc., 
J. S. LOTT, B.A., M.D., 


F.R.C.S. (Epin.), and 
D.M.R.T. (Ena.) 


LONDON, ONTARIO, CANADA 


een principal purpose of this presenta- 
tion is to record certain observations 
which indicate that the physical advan- 
tages of cobalt 60 teletherapy over conven- 
tional roentgen therapy have a positive 
clinical significance. The time period pre- 
vents this being done on a statistical five- 
year cure basis, hence for pertinent data 
we have turned to the epidermoid carci- 
noma group, traditionally accepted as the 
tumor indicator of moderate radiosensi- 
tivity. 

The second purpose is to record experi- 
ences of the first five years which as a mini- 
mum have an applied clinical significance, 
and in some instances have altered our own 
therapeutic approach in a major way. To 
this end, a survey has been conducted on 
epidermoid cancer of the following sites: 
oral cavity, larynx, esophagus, and _ blad- 
der. 

All cases were treated with the original 
kilocurie teletherapy unit manufactured by 
the Atomic Energy of Canada Limited.? 
Treatment distance was 80 cm. and except 
for rotation in a limited number of esophag- 
eal cases, fixed beam therapy was used. 


ORAL CARCINOMA 


Deductions from oral carcinoma are made 
from a study of 50 cases treated radically 
(with a dosage for cure) during a four-year 
period, 1952-1955.‘ Single field parallel op- 
posing and multiple beam directed tech- 
niques were utilized. Table 1 is a breakdown 
by method of treatment of all oral cases 
seen in the Clinic in the same study period 
and clearly indicates that when the lesion 
was small enough to manage by interstitial 


TABLE I 


CASES OF ORAL CARCINOMA TREATED BY 
RADIATION “19§5) 


Radium or Radon Seed hie 33 

Deep Roentgen Therapy 10 

Cobalt 60 Beam Therapy 79 
Radical treatment 50 
Palliative treatment 29 


Total 122 


radium or mold, cobalt 60 teletherapy was 
not used. 

Table 1 is a breakdown by site of the 50 
cases treated radically by cobalt 60 tele- 
therapy. 

1. Tumor Invasion of Mandible Can Be 
Controlled by Cobalt 60 Teletherapy. Of 50 
cases studied, 4 had roentgenographic evi- 
dence of invasion of the mandible, yet 
without clinical bone erosion to inspection, 
One patient, eighty years of age, died with- 
out any evidence of cancer twenty-five 
months following therapy. Three are free 
of disease, and pain, and have complete 
mucosal healing twenty-one, forty-eight 


TaBLe II 


ORAL CARCINOMA BY SITE 
RADICALLY TREATED BY COBALT 60 
TELETHERAPY (1952-1955) 


Tongue 7 

Buccal Surface of Cheek 

Tonsil and Fauces 14 

Floor of Mouth and Lower Alveolus 17 

Palate and Upper Alveolus 5 
Total 50 


* From the Ontario Cancer Foundation London Clinic. Presented at the Thirty-ninth Annual Meeting of the American Radium 


Society, Quebec City, Quebec, Canada, May 29-June 1, 1957. 
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and fifty-seven months following treat- 
ment. The following 2 case histories are il- 
lustrative of this observation: 


Case 53/39. This male patient, sixty-two 
years of age, complained of soreness in the 
mouth for a period of three months. A 5X3 cm. 
ulcerative lesion involved the left lower alveolus 
with extension to the floor of the mouth and 
buccal mucosa. A submental lymph node was 
recorded as clinically significant. A tumor 
dose of 6,500 r delivered in 17 treatments over 
twenty-four days was achieved through a pair 
of parallel opposing fields, 7X7 cm. By the end 
of treatment a brick red skin had developed 
accompanied by a brisk fibrinous mucosal re- 
action. The dose in retrospect was high, for 
the patient had to be admitted to the hospital 
for nursing care the week after completion of 
treatment. The heavy oral fibrinous reaction 
was extremely slow to resolve and it required 
five months for complete healing. 

A roentgenogram on January 6, 1953 (Fig. 
1), prior to treatment revealed a destructive 
lesion which involved the anterior part of the 


Fic. 1. Case 53/39. Carcinoma of alveolus. Roent- 
genogram taken January 6, 1953, of mandible prior 
to cobalt 60 therapy showing invasion. (By permis- 
sion of The Canadian Medical Association Fournal.) 
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Fic. 2. Case 53/39. Carcinoma of alveolus. Roent- 
genogram taken October, 1956, three years, nine 
months following cobalt 60 therapy, showing 
partial healing of bone destruction. (By permission 
of The Canadian Medical Association ‘fournal.) 


body of the left mandible. In October, 1956, a 
roentgenogram (Fig. 2) showed that the sharply 
defined area of bone destruction in the anterior 
portion of the left horizontal ramus had been 
partially repaired by new bone formation. On 
December 6, 1956, nearly four years later, there 
was perfect mucosal healing, slight mucosal 
telangiectasia and a gentle depression of mu- 
cosa over the bone defect. 


Case 55/493. This male patient, eighty-one 
years of age, had soreness of mouth for one 
month. A 4X4 cm. malignant ulceration in- 
volved the buccal aspect of the left cheek, the 
left lower alveolus posteriorly and the adjacent 
floor of mouth. A lymph node beneath the 
angle of the jaw on the same side was considered 
malignant. Using a single 11Xg cm. field the 
patient was treated over a five-week period to 
a minimum tumor dose of 6,300 r. During the 
third week a mild fibrinous reaction had ap- 
peared which cleared by the end of therapy. 
There was dry peeling of a tanned skin. Tumor 
regression was complete before the end of treat- 
ment. 
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ORAL CARCINOMA: RADICAL COBALT 60 TELETHERAPY 
(1952-1955) INCLUDING SOLITARY SIGNIFICANT 
LYMPH NODE WITHIN TREATED VOLUME 


No. of 
Cases with Duration 


Site Lymph (mo.) 
Node 
Alive and Free of Disease 7 Cases 
Buccal Mucosa I 23 
Tonsil I 27 
Upper Alveolus I 42 
Tongue 2 42 
24 
Floor of Mouth 2 47 
16 
Died of Disease 1 Case 
Tongue 1 15 
Died of Intercur- 
rent Disease 1 Case 
Lower Alveolus I 4 
Total g Cases 
Prior to treatment, March 22, 1955, a 


roentgenogram revealed an extensive defect 
consistent with neoplastic invasion of the 
alveolar aspect of the horizontal ramus of the 
mandible on the left side. Twenty-one months 
later (December 5, 1956) a roentgenogram 
showed no evidence of bone destruction. When 
examined early in 1957 the mucosa was per- 
fectly healed without defect or disease. 
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2. When Incorporated in the Treated Vol. 
ume, Adjacent Solitary Lymph Node Inva- 
sion Shows Favorable Response. Of the 50 
cases under study, g had clinically positive 
solitary lymph nodes sufficiently close to 
the primary disease to be included in the 
treated volume. One case died of cancer; 1 
died of intercurrent disease without evi- 
dence of cancer at necropsy while 7 are 
alive and well. Table m1 records the pri- 
mary sites in this group and duration of 
survival without disease. 

All cases are still being followed rigidly. 
The lymph nodes in the 7 living patients, 
except one, are inert or jn completely 
regressed. No cases had surgery. This, in 
our experience, is a unique group, worthy 
of extended study and wise interpretation. 

3. Recurrence Following Roentgen Irradi- 
ation Can Be Successfully Treated by Cobalt 
60 Teletherapy. Table tv lists dosage, site 
and other factors. 

Five cases recurring following roentgen 
therapy elsewhere, were included in the 50 
radically treated study group. Four are 
without malignancy, 3 of which have com- 
pletely regressed, whereas 1 case previously 
treated on two occasions appears free of 
disease but has necrosis of the mandible. 
One case died of disease. 

4. Bone Necrosis Has Been Minimal. For- 
ty-three of the radically treated patients 
had no roentgenographic or clinical evi- 
dence of bone invasion prior to treatment. 


TaBLe IV 


ORAL CARCINOMA: RECURRENT DISEASE (FOLLOWING ROENTGEN THERAPY) TREATED BY 
COBALT 60 TELETHERAPY (1952-1955) 


Site No. of Cases Survival Tumor Dose Time Field Size 
mo r wk. cm. 
Alive without Disease 4 Cases 
Tongue I 42 5,500 3 1oX 7 
Floor of Mouth I 48 6,000 44 12X10 
Tonsil 2 48 5,500 3 
48 4,300 23 5X § 
Died of Disease 1 Case 
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In none did spontaneous necrosis occur. 
After three and one-half years 1 patient 
developed osteomyelitis and necrosis fol- 
lowing tooth extraction, but is well follow- 
ing resection of a mandibular segment 
which histologically was free of malig- 
nancy. 

5. Skin Reactions Are Less. This holds 
true in varying degrees for all techniques 
we have used in the oral cases. In Io single 
field technique cases, without using inter- 
vening bolus or plaster, no moist dermatitis 
occurred with given doses ranging from 
6,000 r in three weeks to 7,000 r in four and 
one-half weeks. This simple clinical im- 
provement from the use of cobalt 60 tele- 
therapy spells not only comfort for the pa- 
tient but may be an important determin- 
ing factor between palliation versus lethal 
tumor dosage in the frail, elderly patient. 

6. Radioresistance Is Still a Problem. Qur 
index of intractable resistance was persist- 
ence of tumor or recurrence within three 
months. Three of the 50 cases were so cate- 
gorized. Dosage in the first instance of car- 
cinoma of the alveolus invading buccal 
mucosa was 7,500 r tumor dose in six 
weeks. There being no response, weekly 
treatments were given to a total of 12,000 r 
tumor dose in three and one-half months. 
In the second case with cancer involving 
the base of tongue, anterior pillar, floor of 
mouth and alveolus, 5,600 r in three and 
one-half weeks failed to check the disease. 
The third case had malignant involvement 
of the entire anterior floor of mouth and re- 
ceived a tumor dose of 6,000 r in four and 
one-half weeks. 

The first instance is a true example of 
radioresistance. The other two, in the light 
of added experience, would have been pro- 
tracted to a much higher dosage, and yet 
we record them as failures to reasonable 
dosage. 

7. Optimal Dose. In the ‘‘curative” group 
of oral carcinoma our present tumor dose 
rate is 1,500 r per week (five days) to 6,0co 
rin four weeks. Thereafter, daily appraisal 
of tumor regression, mucosal reaction and 
general condition determines daily dose 
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rate and the point at which to discontinue. 
The final average range is between 6,000 r 
in four weeks to 7,500 r in six weeks. 


LARYNGEAL CARCINOMA 


Deductions from laryngeal carcinoma are 
made from a small, yet impressive, group of 
13 cases treated radically (for cure) during 
a three-year period, 1952-1954.’ All had in- 
trinsic lesions and were classified as being 
in Stage 2 except for one case which was in 
Stage 3. The entire group histologically 
was termed epidermoid or squamous cell 
carcinoma. The usual involvement was of 
true cord with extension beyond this struc- 
ture, principally to and beyond the an- 
terior commissure. None, in our opinion, 
was suitable for laryngofissure with simple 
excision of cord. In most centers laryngec- 
tomy would have been the only alternative 
to roentgen therapy. 

One case was treated by a single field 
technique; all others by beam direction 
using proper localization, plaster of paris 
jacket and three fields of which one was an- 
terior, the other two posterolateral. Aver- 
age field sizes varied from 5 X 5 cm. to 8X10 
cm., the largest being 10X17 cm. Tumor 
dose ranged from 4,500 r to 7,000 r in three 
to five weeks. Figure 3 illustrates the iso- 
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Fic. 3. Typical isodose distribution in 3 field (5 X 5 
cm.) plaster of paris collar, beam direction tech- 
nique for carcinoma of larynx. 
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Ivan H. Smith and J. S. Lott Marcu, 1958 
TABLE V 
INTRINSIC CARCINOMA OF LARYNX TREATED BY COBALT 60 TELETHERAPY 
Alive and Well A 

Year Total Cases 

No. of Cases Duration _— 
1952 6 5 4 yr., 2 mo. to § yr. I 
1953 5 5 2 yr., 9 mo. to 3 yr., 10 mo. ° 
1954 2 2 I yr., 9 mo. to 2 yr., 6 mo. ° 
Total 13 12 I 


dose distribution in the average three-field 
beam directed technique. 

The Survival Rate Is Encouraging. 
Table v reveals that 12 of the 13 cases are 
without malignant disease for a period of 
from one year, nine months to five years. 

2. Cartilage Necrosis Is Minimal. Eleven 
cases healed per primum and have re- 
mained so, but we must admit 2 cases of 
necrosis with quite obvious explanations. 
One of these developed cartilage necrosis 
seven months following 5,000 r tumor dose 
in four weeks, delivered through large 
fields of 10X17 cm. The roentgenographic 
report had suggested a 7 cm. subglottic ex- 
tension, hence the huge volume. The pa- 
tient, the only death in the series, was not 
operated on because of a severe coronary 
disease. He died after sixteen months. He 
was categorized as having necrosis from 
dosage in excess of tolerance for the volume 
treated. 

The second patient acquiring necrosis 
received 6,000 r tumor dose in four and one- 
half weeks, but is well two years, nine 
months later with fistula formation and 
negative biopsies. As a child he had re- 
ceived roentgen therapy to the larynx, 
probably for papillomata, and we are in- 
clined to relate previous irradiation with its 
late tissue changes to the final breakdown. 

3. Subglottic Extension (Roentgenograph- 
ically) Is Not a Contraindication to Radia- 
tion Therapy. Six of the total group had 
roentgenographic evidence of subglottic ex- 
tension. Disease has been controlled in 5, 
which leads us to believe, contrary to ac- 
cepted teaching, that laryngectomy is not 


the prime method of attack under such 
circumstances. 

4. Late Effects. The treated skin remains 
soft and pliable; telangiectasia, however, is 
occasionally noted both in skin and mu- 
cosa. The voices are inclined to be husky, 
yet vibrant in appreciation. The mucous 
membranes tend to be dry and early edema 
seems ultimately to clear away. Tracheot- 
omy was not required except in the 2 cases 
of necrosis. One feels that in the event of 
failure, the patients’ chances with laryn- 
gectomy have not been jeopardized. 

5. Optimal Dose. If initial obstruction is 
not critical, we aim to deliver 1,500 r tu- 
mor dose per week to a planned 6,000 r ina 
four-week period. However, early in the 
fourth week regular assessment of reactions 
is imperative and the daily dose rate may 
be appropriately decreased. Treatment ‘s 
terminated when an apparent optimum has 
been achieved between 6,000 and 7,0¢0 r. 


ESOPHAGEAL CANCER 


Deductions from esophageal cancer are 
made from 18 cases treated radically (for 
cure) during the four-year period, 1952 to 
1955. The total number recorded for man- 
agement was 46. The treatment method is 
outlined in Table vr. 

Of the radically treated group, 16 cases 
were treated by a multiple field technique 
using plaster of paris jackets for beam fixa- 
tion and localization. Four or five fields 
were used, each field being treated daily, 
five days each week. Two cases were 
treated by circumaxial rotation therapy. 
Tumor doses in the case of the fixed field 
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VI 


CASES OF CARCINOMA OF ESOPHAGUS TREATED BY CO- 
BALT 60 TELETHERAPY (1952-1955) 


Treated for Cure 18 


Treated for Palliation 24 
Not Treated or Incomplete Treatment 4 


46 


treatments were originally calculated with- 
out allowing for increase in absorbed dose 
at the tumor due to increased transmission 
through lung tissue, but the dosage figures 
shown have been adjusted accordingly. 

1. Higher Doses of Radiation are Possible 
with Cobalt 60 Teletherapy. It was our im- 
pression with a dosage of 5,000 to 6,200 r 
delivered in three weeks, that local reac- 
tions were too severe. We subsequently 
tried protraction, finally arriving at a tu- 
mor dose level of 6,000 to 6,500 r in four to 
four and one-half weeks over-all time (Ta- 
ble vit). This to us seems to be a somewhat 
higher biologic dose of radiation than could 
be achieved with conventional roentgen 
therapy. 

2. Lower Integral Dosage Has Resulted in 
Almost No Constitutional Reaction. In the 
whole series, but particularly in the rad- 
ically treated group, we observed almost 
no radiation sickness and no significant 
drop in total white blood cell count. Most 
patients complained of a feeling of lassi- 
tude during treatment and for about one 
month thereafter, but never of such se- 


Taste VII 


CARCINOMA OF ESOPHAGUS-——DOSAGE IN TIME 
FOR I8 CASES 


No. of 


Tumor Dose Rate = Over-all 
Cases Dose per Week Time 
r r/wk. wk. 
I 6, 300 2,500 23 
4 §,000-6,200 1,650-2,100 3 
5 §,000-7,100 1,250-1,800 4 
3 5,500-6,800 1,200-1,500 43 
I 7,000 1,400 5 
3 6,000-6,400 1,100-1,250 53 


6,500 goo 7 
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verity as to force cancellation of treatment. 
In fact many of the radically treated group 
were treated as out-patients without inci- 
dent. Using the identical techniques of 
treatment with cobalt 60 and 250 kv. 
roentgen ray, 7.¢., five portals of entry, the 
integral dose, using cobalt 60, is 2.6 Mgm. 
-r per 1,000 r tumor dose compared with 
4.5 Mgm.-r when 250 kv. is used. These 
figures are obtained from Mayneord’s for- 
mula for integral dose which does not take 
into account variations in density of tissue. 

3. Local Reactions Are Quite Variable. A 
tumor dose of 1,850-2,000 r weekly for 
three weeks was found too high, local reac- 
tions being too severe. The 1,500 r tumor 
dose weekly rate to four or five weeks per- 
mits adjustment of dose rate in the final 
week according to severity of local reac- 
tions. Even with this protraction some pa- 
tients still experienced a moderate to se- 
vere degree of esophagitis but others ex- 
hibited very few or no symptoms of local 
esophageal irritation. 

4. Complications. Serious complications 
of radical therapy have not occurred with 
sufficient frequency to cause us to alter our 
policy of high tumor dosage in potentially 
curable cases. These complications we have 
found to be only three in number: (a) medi- 
astinal fistula in 2 cases, probably as a re- 
sult of resolution of tumor which had in- 
vaded the aorta; (b) pulmonary fibrosis in 
only 1 of the 5 survivors, who after forty- 
eight months is without symptoms (Fig. 
4); (c) esophageal stricture in only 1 in- 
stance of the surviving cases, but after two 
esophagoscopies and dilatations the patient 
is free of disease and swallows almost any- 
thing, thirty-four months after treatment 
(Fig. 5 and 6). 

5. Treatment Is Rewarding. The early lo- 
calized carcinoma of esophagus remains a 
much sought after and elusive target for 
the radiotherapist. Fleming! has noted the 
frequency of lymph node metastases to be 
50 per cent in lesions less than 5.1 cm. and 
88.1 per cent in those greater than 5 cm. in 
length. In spite of this the radiotherapist 

must still attempt radical treatment in 
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Fic. 4. Case 52/1038. Postradiation pulmonary 
fibrosis forty-eight months following treatment of 
carcinoma of the esophagus. The patient is disease- 
free and the fibrosis produces no symptoms. 


Fic. 5. Case 53/1406. Carcinoma of the esophagus 
prior to treatment by cobalt 60 teletherapy in 
November, 1953. 
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Fic. 6. Case 53/1406. The lesion in Figure 5, thirty- 
four months after treatment showing minimal 
stricture. Patient has no evidence of recurrence. 


relatively large and long-standing lesions. 
Table vim illustrates the radically treated 
cases grouped according to length of lesion. 

Of 18 radically treated cases (Table 1x), 
there are 5 long term survivors, apparently 
disease free, in times ranging from a mini- 
mum of twenty-eight to a maximum of 
forty-eight months. Lesions ranged from 
4 cm. to 12.5 cm. in length. Three were in 
the mid-esophagus, 1 in the cervical esopha- 
gus and 1 in the lower third of the esopha- 
gus. All except 1 were histologically proved 
squamous cell carcinoma. 


Taste VIII 


CARCINOMA OF ESOPHAGUS—CASES 
TREATED RADICALLY 


Length of Lesion No. of Cases 


Less than 5 cm. 6 
5-8 cm. 10 
More than 8 cm. 2 
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TaBLe IX 


CARCINOMA OF ESOPHAGUS——-SURVIVAL BY 
LENGTH OF LESION 


of 


Well Cases Lesion Site 
mo. cm. 
49 I 4 Mid-third 
45 I 4 Upper third 
36 I 12.5 Lower third 
34 I 5 Mid-third 
28 1 5 Mid-third 
Total 5 cases 


We are inclined to feel that in cancer of 
the upper two-thirds of the esophagus, 
supervoltage radiation therapy as exempli- 
fied by cobalt 60 teletherapy may well be 
the preferred initial method of manage- 
ment. 


CARCINOMA OF BLADDER 


Deductions from this group are based 
principally on a study of 22 cases treated 
radically during a three-year period, 1952- 
1954 (Table x). In each case the position of 
the bladder was determined by shift roent- 
genography, thus permitting accurate beam 
localization of the tumor through three or 
four portals of entry, employing a pin and 
arc director. 

1. Radical Dosage in Bladder Tumors 
Requires Prolonged Treatment Time. Ex- 
perience with urinary frequency, dysuria 
and spasm reaction, produced by high dos- 
age in three weeks, compelled us to pro- 
tract the irradiation. Table x1 gives the 
tumor dose range in over-all time in the 


TABLE X 


CARCINOMA OF BLADDER TREATED BY COBALT 60 
TELETHERAPY (1952-1954) 


No. of Cases 


Radical Treatment 22 
Palliative Treatment 12 
Total 34 
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XI 


CARCINOMA OF BLADDER—-TUMOR DOSE RANGE 


Tumor Dose Rate 


No. of Time 
Cases Dose per Week 
r r/wk. wk. 
5 5 ,000 1,700 3 
5 § ,000-§,500 1,250-1,350 4 
5 5 ,000-6,000 1, 100-1, 300 43 
4 5 ,000-5,g00 1,000-1,200 5 
I 5,200 950 “4 53 
6, 300-6, 500 g§O-1 ,000 6} 


Toeal 22 radically treated 


radically treated series. On the basis of 
this experience our present plan is to ad- 
minister a 6,000 to 6,500 r tumor dose in 
six to six and one-half weeks. At this level 
most patients experience only a moderate 
degree of dysuria if any. 

2. Gross Appearance and Histology of 
Tumor Are Important Factors Influencing 
Eventual Outcome. The most unfavorable 
combination of gross and microscopic path- 
ology is that of a low grade ulcerated infil- 
trating squamous cell carcinoma which is 
usually badly infected when first seen. In- 
fection and calcareous deposits militate 
against carrying dosage to its planned com- 
pletion and every effort must be made to 
cleanse the bladder and eliminate project- 
ing tumor masses where possible before ini- 
tiating cobalt 60 teletherapy. 

With two exceptions, the survivors in 
this series have had solitary or multiple 
small papillary lesions of the transitional 
cell variety, suggesting that this is the 
most favorable group grossly and micro- 
scopically. 

3. Bladders after Cobalt 60 Teletherapy 
Maintain Their Elasticity and Are Healthy. 
Where tumor resolution and healing have 
been adequate, the bladder mucosa, even 
in the face of high dose irradiation seems 
to regain an almost normal appearance and 
bladder capacity is usually very adequate. 
The absence of late fibrosis in almost all 
surviving cases is most striking and intro- 
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Taste XII 


CARCINOMA OF BLADDER—EFFECTIVENESS OF 
TREATMENT (1952-1954) 


Palliative 


Radical 

Therapy Therapy 
Beneficial 15 8 
Minimal or No Benefit 7 4 


Total No. of Cases 22 12 


duces speculation on a relationship to 
wave-length. 

4. Results Are Encouraging. Table xi 
illustrates the therapeutic effectiveness 
in the radically and palliatively treated 
groups. Table x11 gives the survival figures 
in both groups. Considering the types re- 
ferred for treatment and the fact that two- 
thirds of this group had residual or recur- 
rent cancer when first seen, 11 without dis- 
ease for thirty to sixty-two months offer a 
stimulus for continued intensive study. 
The two survivors without disease thirty- 
eight to forty-two months in the group 
treated for palliation had extravesical pel- 
vic extension. This low dose response, 
aimed purely at relief of symptoms, has 
been a puzzling yet challenging surprise. 

If we may be allowed to draw a single 
general conclusion from such a series lim- 
ited both as to time of observation and 


TABLE XIII 


CARCINOMA OF BLADDER-——SURVIVAL 


“Palliative 
Therapy Therapy 
Dura- Dura- 
Cases tion Cases tion 
(mo.) (mo.) 
Alive without Disease 9 30-62 2 38-42 
Alive with Disease 3 18-54 
Dead 10 10 
Total No. of Cases 22 12 


MARCH, 1958 


number of cases, it is to the effect that this 
form of radiation therapy bids fair to pro- 
vide an alternative method of management 
for those cases of carcinoma of bladder for 
which total cystectomy would seem to be 
the only possible means of curative ther- 
apy. 


SUMMARY 


The accepted physical advantages of ion- 
izing radiation in the cobalt 60 or 2-3 
mev. roentgen-ray range over conventional 
roentgen therapy may be listed as follows: 

1. More penetrating radiation, hence 
greater depth dose. 

2. Electron build-up places maximum 
dose deep to the skin, hence decreased 
skin reactions. 

3. Reduced integral dose, hence a less- 
ened systemic effect and a decrease 
in adjacent tissue response. 

4. Decreased differential absorption per 
gram of tissue, hence lessened risk of 
bone or cartilage necrosis. 

From the observations presented on epi- 
dermoid carcinoma of four sites it is our be- 
lief that these advantages are being tan- 
gibly reflected in a clinical way. 


Ivan H. Smith, M.D. 

The Ontario Cancer Foundation 
Victoria Hospital 

London, Ontario, Canada 
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NOTE ON OUTPUT VARIATION OF MEDICAL 
VAN DE GRAAFF UNIT* 


By MARTIN L. ROZENFELD 


CHICAGO, ILLINOIS 


HE roentgen-ray output of a Van de 

Graaff therapy unit? has been found to 
vary with the angle of the machine. In the 
horizontal position, the output is ten per 
cent higher than in the vertical position, 
even though the physical alignment and 
control panel settings are accurately re- 
produced. Scattered roentgen-rays made a 
negligible contribution to the central beam, 
and therefore could not account for this 
effect. 

This variation was, however, found to be 
due to an error in the measurement of the 
high voltage on the insulated hemisphere. 
The voltage is measured by a generating 
voltmeter? which is mounted on the pres- 
sure housing. The relation between these 
components is shown in Figure 1. When the 
machine is angled toward the horizontal, 
the central column deflects slightly, moving 


PRESSURE 
HOUSING 


GENERATING 
VOLTMETER 


TARGET 
LEAD 
SHIELD 
Fic. 1. Structural components of a Van de Graaff 


electrostatic accelerator. 


the hemisphere away from the generating 
voltmeter. This reduces the generating 
voltmeter output. Then, in order to main- 
tain the same voltage reading, the high 
voltage must be increased, thereby increas- 
ing the roentgen-ray output in the hori- 
zontal direction. The remainder of this 
paper will describe some experiments which 
support the above explanation and one 
method for correcting for this output varia- 
tion. 


EXPERIMENTAL PROCEDURE 


In normal operation, the roentgen-ray 
output as a function of angle follows a 
smooth curve as shown by the solid line in 
Figure 2. The output is represented as the 
saturation ionization current from a thick- 
walled spherical ionization chamber at a 
beam current of 200 wa. and a generating 
voltmeter current of 1g wa. The chamber 
was mounted rigidly to the machine, in line 
with the central ray, at a distance of 100 
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Fic. 2. Angular dependence of the roentgen-ray out- 
put at a constant generating voltmeter current. 


* From the Argonne Cancer Research Hospital, USAEC, The University of Chicago, Chicago, Illinois. 
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LOG X-RAY OUTPUT 


SLOPE OF LINE !S 3.26 


1.20 1.25 1.30 1.35 
LOG GENERATING VOLTMETER CURRENT 


Fic. 3. The variation in roentgen-ray output as a 
function of the generating voltmeter current at a 
constant angle. 


cm. from the roentgen-ray target. The field 
size was 10 X10 cm. at the chamber, and the 
angle was measured from the vertical. 
The relation between the roentgen-ray 
output and the high voltage was then in- 
vestigated. Measurements were made with 
the same set-up, except that the angle was 
kept constant while the voltage was varied. 
The variation in output as a function of the 
generating voltmeter current is shown in 
Figure 3. 

The linearity between the generating 
voltmeter reading and the high voltage was 
then checked with the machine at a fixed 
angle. This was accomplished by observing 
the generating voltmeter current at two 
known voltages, the thresholds of the Be(y, 
n) and D(y, n) reactions.! For this first 
observation, one pound of beryllium oxide 
was placed in the lead shield, as close to the 
roentgen-ray target as possible. A BF; pro- 
portional counter, surrounded by two 
inches of paraffin, was placed outside the 
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TABLE | 


LINEARITY TEST OF GENERATING VOLTMETER 


Diy, n) Be(y,n) Ratio 


Threshold Voltage, mev. 2.227 1.662 1.340 
Generating Voltmeter 
Current, ya. 21.38 15.99 1.337 


lead shield, about ten inches from the cen- 
tral ray of the roentgen-ray beam. Ade- 
quate discrimination was used to eliminate 
the roentgen-ray and background pulses 
while still allowing the neutrons to be 
counted. This set-up proved sufficiently 
sensitive to determine the threshold by 
direct observation rather than by extra- 
polation. For the second observation, 200 
cc. of heavy water was substituted for the 
beryllium. The result of this test is shown in 
Table 1. Thus the generating voltmeter 
current is linear with the high voltage to 
within 0.3 per cent. 

The error in the measurement of a con- 
stant high voltage at various angles was 
then observed by using the threshold of the 
Be(y, n) reaction. The solid line in Figure 4 
shows the way the generating voltmeter 


EXPERIMENT 
FOR CONCENTRIC 
SPHERES 


° ~—-CALCULATED FOR COAXIAL 
CYLINDERS 
-—--CALCULATED FOR PARALLEL 
PLANES 


GENERATING VOLTMETER CURRENT IN w#A 
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Fic. 4. The dependence of the generating voltmeter 
current on the angle of the machine for a constant 
voltage. 
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measured this constant voltage at each 
angle. 

To obtain direct evidence of the deflec- 
tion of the central column, the distance be- 
tween the hemisphere and the housing was 
measured at various angles. For this pur- 
pose, a micrometer depth gauge was 
mounted in the port of the pressure hous- 
ing, facing the hemisphere. In order to pre- 
vent changing the deflection by applying 
force with the depth gauge, the instant of 
contact was determined by electrical con- 
tinuity. 

It was found that the position of the 
hemisphere at a given angle depends on its 
past history. Thus, in order to be able to 
relate the results of the various measure- 
ments, a standard procedure was adopted. 
Starting from the horizontal position, the 
machine was moved ten degrees every five 
minutes, and readings were taken just be- 
fore each movement. Following this pro- 
cedure, the change in distance between the 
generating voltmeter and the high voltage 
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Fic. 5. The change in the distance between the 
generating voltmeter and the hemisphere. 
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EXPERIMENT 
0 AVERAGE 


15.8 


GENERATING VOLTMETER CURRENT IN wA 


ANGLE IN DEGREES 


Fic. 6. The dependence of the generating voltmeter 
current on the movement of the machine in both 
directions for a constant voltage. 


hemisphere was determined to be that 
shown in Figure 5. 

The previous measurements that re- 
quired a variation in angle were also made 
by following this standard procedure; how- 
ever, they do not represent the average 
conditions met with in normal use. There- 
fore, the range of conditions to be expected 
was approximated by first following the 
adopted standard procedure, and then 
following the procedure in reverse. That is, 
after the machine had been allowed to re- 
main in the vertical position for several 
hours, it was moved ten degrees every five 
minutes toward the horizontal. Figure 6 
shows the generating voltmeter current 
versus angle for the constant high voltage, 
as determined by the two different pro- 
cedures. The arrowheads indicate the direc- 
tion in which the machine was moved. The 
average conditions met in practice can then 
be considered as the average of these two 
curves as shown by the dotted line in the 
same figure. 


DISCUSSION 


The generating voltmeter current will be 
proportional to the voltage on the hemi- 
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sphere and to the capacity between the 
voltmeter and the hemisphere. Thus, 


I= (1) 


where / is the generating voltmeter current, 
K is a constant, V is the voltage on the 
hemisphere, and C is the capacity between 
the voltmeter and the hemisphere. 

From equation (1), the capacity C would 
vary linearly with the current J if the volt- 
age V were kept constant. Thus, since the 
solid line in Figure 4 shows the measured 
variation of the current for a constant volt- 
age, it also represents the variation of 
capacity. Again from equation (1), the volt- 
age would vary inversely as the capacity if 
the current were kept constant. Thus the 
voltage variation for a constant current is 
represented by the inverse of the curve in 
Figure 4. 

This voltage variation can be converted 
to a variation in roentgen-ray output as 
follows: the straight line in Figure 3 can be 
represented as 


log X = 3.26 log J + log Ki, (2) 


where X is the roentgen-ray output, / is the 
generating voltmeter current, and K;, is a 
constant. Remembering that Figure 3 was 
measured at a fixed angle, 


X = = (3) 


since the generating voltmeter current is a 
linear function of the voltage for a fixed 
angle. Then the inverse of the curve in 
Figure 4 was raised to the 3.26 power so 
that it would represent the variation in 
ro2ntgen-ray output for a constant current. 
The result was drawn as the dotted line in 
Figure 2 to compare with measurements. 
The calculation was normalized to equal 
the measured value at go°. 

The capacity between the generating 
voltmeter and the hemisphere is too small 
to measure accurately. However, the varia- 
tion in this capacity could be calculated, 
for a known geometry, from the change in 
distance shown in Figure 5. The change in 
capacity was calculated for those simple 
geometric configurations closest to the 
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actual case: parallel planes, coaxial cylin. 
ders, and concentric spheres. Again using 
equation (1), this capacity variation was 
converted to a current variation for a con- 
stant voltage and then plotted in Figure 4 
for comparison. The measured curve falls 
between that calculated for the cylinders 
and that calculated for the spheres. 

Finally, the results obtained in Figure 6 
can be explained qualitatively by consider- 
ing the forces acting on the central column 
in the various positions of the machine, 
When the unit is horizontal, the weight of 
the column produces a maximum lateral 
thrust. Thus, regardless of the past history, 
the same conditions will occur when the 
machine is moved to that position. When 
the unit is vertical, however, all the lateral 
force is due to hysteresis, since there is no 
component of the weight in that direction. 
Thus, the conditions at this angle will 
depend a great deal on the past history. If 
the machine could be angled to the other 
side of the vertical, one would expect the 
curves in Figure 6 to continue rising to the 
left of o° and meet again at —go°. The re- 
sult should look very much like a conven- 
tional hysteresis loop. 

The above discussion has presented 
several ways in which the measured data 
could be correlated in terms of the original 
explanation. Thus, it is adequately demon- 
strated that the variation of roentgen-ray 
output is due to a deflection of the central 
column. 


METHODS OF CORRECTION 


One way to eliminate this variation in 
roentgen-ray output would be to relocate 
the generating voltmeter so that it faces 
the top of the hemisphere. Then the deflec- 
tion of the central column would produce 
an insignificant change in the distance be- 
tween the generating voltmeter and the 
hemisphere. 

Most existing units will, however, require 
a less expensive method. The use of an 
ionization chamber to determine the ex- 
posure dose will automatically account for 
this variation. However, those units that 
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depend on treatment time will require some 
other method. 

A simple way to account for this varia- 
tion is to use charts or graphs to correct the 
treatment time at each angle. Another in- 
expensive way is to compensate for the 
changing current from the generating volt- 
meter by connecting a variable shunt across 
the D.C. microammeter mounted in the 
panel. This microammeter has a resistance 
of about 2,400 ohms and a full-scale sensi- 
tivity of 15 wa. However, the meter is 
printed to read 2.5 mv. full scale. Therefore, 
the current that would have to pass through 
the meter to indicate the threshold energy 
of the Be(y, n) reaction is 


1.662 
X 15 = 9.97 Ha. (4) 
2.5 


Thus, the variable shunt would have to be 
designed to maintain this current through 
the meter as the generating voltmeter 
current varied as shown by the dotted line 
in Figure 6. 

One circuit that will accomplish this is 
shown in Figure 7. The value of J; can be 
represented by 


aR; + 
(5) 
aR, + + R; 
R, is the total resistance of the potenti- 
ometerandais the fraction of that resistance 
which is in the circuit. Reis the value of the 


Fic. 7. Circuit for correcting for variation in 
roentgen-ray output. 
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fixed resistor, and R; is the D.C. resistance 
of the meter. 

When the machine is horizontal, and J 
has its minimum value of 15.25 ya., the 
shunt would have to be a maximum to 
allow more of the current to pass through 
the meter. Thus, a would be equal to one, 


and 
fy _ 9.97 


(6) 
T 16.25 Ri + R; 


When the machine is vertical and J has its 
maximum value of 15.87 wa., the shunt 
should be a minimum. Thus, a would be 
zero, and 

I; 9.97 


(7) 
I 15.87 R, + R; 

Since R3, the meter resistance, is a con- 
stant 2,400 ohms, these two equations can 


be solved for R; and R». The result is 
R, = 477 ohms, (8) 
Ry = 4,058 ohms. (9) 


R, can be obtained with the potenti- 
ometer originally used as a shunt for the 
meter. 

Equation (5) can then be solved for 
ak,, 
aR, = R; (10) 

From the values of J from Figure 6, aR; has 
been calculated with the aid of equation 
(10), and is shown by the solid line in 
Figure 8. This required resistance variation 
could be obtained with a specially made 
potentiometer. However, a special scale to 
calibrate a loaded linear potentiometer will 
provide the same accuracy. Figure 8 shows 
the resistance variation produced by two 
linear potentiometers, each with the appro- 
priate resistance in parallel to produce 477 
ohms. 

A Mallory type M2MPK_ 2,000-ohm 
wire-wound potentiometer with a shaft 
rotation of 294° would require 626 ohms in 
parallel and the calibration shown in Table 
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TABLE II 


CALIBRATION OF VARIABLE SHUNT TO CORRECT FOR VARIATION IN ROENTGEN-RAY OUTPUT 


Machine Angulation in Degrees o 10 


Potentiometer Shaft Rotation in Degrees 


20 30 40 50 60 70 80 go 
42 81 1322 163 219 «©6253 64285 


u. This table has been determined from 
measurements made on the Van de Graaff 
unit at the Argonne Hospital. Other units 
might have column supports of different 
stiffness which would require a different 
calibration. Also, one would expect that in 
time the supports in a given unit might 
weaken and result in a greater variation in 


500 
400}- 
300}— 
ro) 
200}— 
——REQUIRED RESISTANCE 
2,000N POTENTIOMETER 
626N IN PARALLEL 
WITH 912nIN PARALLEL 
10 20 30 40 30 60 70 80 90 


ANGLE IN DEGREES 


Fic. 8. Resistance variation required by variable 
shunt to correct for variation in roentgen-ray 
output. 


roentgen-ray output. Thus, it is advisable 
to determine the correction required for 
each unit and to check on it periodically. 


SUMMARY 


The roentgen-ray output of a medical 
type Van de Graaff electrostatic accelerator 
does not remain constant as the angle of 
the machine is changed. This variation in 
output is due to a deflection of the central 
column of the accelerator. The variation in 
output can be corrected by introducing a 
variable shunt across the meter that meas- 
ures the generating voltmeter current. 


Argonne Cancer Research Hospital 
The University of Chicago 

950 East soth Street 

Chicago 37, Illinois 
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CLINICAL SIGNIFICANCE OF RECTAL AND BLADDER 
DOSE MEASUREMENTS IN RADIUM THERAPY 
OF CANCER OF THE UTERINE CERVIX* 


By GILBERT H. FLETCHER, M.D.,t THOMAS C. BROWN, 


M.D.,t and 


FELIX N. RUTLEDGE, M.D.§ 


HOUSTON, TEXAS 


NTRACAVITARY radium therapy of 

cancer of the uterine cervix has evolved 
by trial and error. A historical review of the 
techniques used in the radiation centers of 
the world shows that at their inception ra- 
dium techniques are fraught with a high 
percentage of complications. As clinical ex- 
perience is gathered, the incidence of com- 
plications diminishes and the cure rate im- 
proves. If, even in the same center, a radical 
change is made in radiation technique, for 
instance by addition of external irradiation 
or changes in the dose levels either for the 
radium therapy or the external irradiation, 
the incidence of complications usually rises 
with the cure rate. Then, during the follow- 
ing years, the cure rate is maintained or 
even improved and the incidence of com- 
plications diminishes.” This has happened 
several times, even before dosimetry was a 
practical method in routine radiation 
therapy. Individual care and clinical ex- 
perience in the individualization of the 
cases!?4 are clearly paramount in this 
favorable trend. 

lonizing radiation damages all living 
cells, and the doses necessary to sterilize 
squamous cell carcinoma are so close to 
the tolerance of the supporting and sur- 
rounding structures that even with the 
greatest of care, using all the scientific 
methods available, complications due to ir- 
reversible damage are unavoidable. The 
frequency and severity of that damage is 
also bound to be greater in the more ad- 
vanced cancers in which higher doses are 
delivered to a large volume of tissue. 

Pioneer workers in the field of intra- 
cavitary radium therapy soon realized 


that such sequelae as vault necrosis, 
bladder and rectal ulcers, vesicovaginal 
and rectovaginal fistulae were due to high 
doses to these structures. They also rec- 
ognized early that careful placement of the 
radium sources and such procedures as 
packing reduced the incidence of those 
sequelae considerably. In centers like the 
Radiumhemmet and the Curie Fondation, 
empirical improvement of the geometry of 
the radium system and better utilization of 
treatment times have brought about pro- 
gressive clinical improvements without any 
fundamental change in the basic tech- 
niques. In such centers?:!°:4 satisfactory 
cure rates have been obtained with very few 
major bladder and rectal complications. 

Concomitant with this accumulation of 
clinical experience, the dosimetry of intra- 
cavitary radium therapy became a reality 
through introduction of the concept of 
isodose curves around the radium sources 
Using these isodose curves, volume distri- 
butions were obtained for the average geo- 
metric arrangements of the radium sources 
in cancer of the uterine cervix. Correlation 
between clinical observations and physical 
data then became possible. 

Dosimetry procedures, ranging from 
simple computations assuming a standard 
average geometry to elaborate three-dimen- 
sional reconstructions, were employed to 
determine the doses received by various 
points and structures of the pelvis thought 
to be of clinical significance, in particular 
the base of the bladder and the anterior 
rectal wall. The procedures using the as- 
sumption of standard geometry do not give 
the doses received in any individual case 


* Presented at the Thirty-eighth Annual Meeting of the American Radium Society, Houston, Texas, April 9-11, 1956. 
t The University of Texas M. D. Anderson Hospital and Tumor Institute, Section of Radiotherapy, Houston, Texas. 


t Presently at Methodist Hospital, Indianapolis, Indiana. 


§ The University of Texas M. D. Anderson Hospital and Tumor Institute, Section of Gynecology. 
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and, therefore, no dose can be correlated 
with the complications. The elaborate three- 
dimensional techniques yield accurate data 
for the individual patient, but being very 
time consuming, are necessarily limited to a 
small number of cases, primarily for the 
purpose of establishing the range of dosage 
to various structures in the pelvis for the 
particular radium technique under 
vestigation. There are no series in which 
they have been used routinely on all pa- 
tients so that individual complications 
could be correlated with physical data. A 
review of a very abundant literature shows 
that tolerance levels for the bladder and 
the rectum have been placed from 4,000 to 
6,000 r,, usually without specifying treat- 
ment times or dosage rates. 

Following the historic study of Todd,” 
the Manchester School undertook to cor- 
relate the tolerance levels and optimal doses 
by using the dose delivered at an arbitrary 
point situated in the paracervical triangle, 
2 cm. lateral to the internal os.”*-** This 
point, called Point A, is in the vicinity of 
the crossing of the uterine artery and the 
ureter in the average uncomplicated case. A 
second point, Point B, located 5 cm. lateral 
to the internal os (approximately on the 
pelvic wall) has been used as another land- 
mark in the study of optimal doses and 
high dose effects. 

In 1932 Sievert** determined the dose 
received by the anterior rectal wall in the 
Stockholm technique by direct measure- 
ments. In 10g cases, condenser chambers 
were carefully placed against the anterior 
rectal wall for a short period of time. Other 
attempts at direct measurements were 
carried out in several clinics, using either 
condenser chambers or films.!® These direct 
measurements were, of course, confined to 
the anterior rectal wall, as the chambers 
were too wide to be inserted in the bladder. 
Also, due to the difficulty of the technique, 
they were limited to a small number of 
cases and could not be used on a routine 
basis. A review of the literature on this 
subject shows that tolerance levels for the 
rectum have been set from 3,300 to 6,000 
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r,. Often the time factor, both for over-all 
time of treatment and dosage rate, is not 
clearly stated. 

Two types of direct reading instruments 
have been developed in the last decade 
which permit easy and physically accurate 
determination of the dose received by the 
base of the bladder and the anterior rectal 
wall. These instruments are direct reading 
meters using either small ionization cham- 
bers or scintillation crystals. In several 
institutions such measurements have be- 
come routine, and data are accumulating, 

Comprehensive pathologic and clinical 
reviews of bladder and rectal complications 
are available*..*? for a background of in- 
formation essential to the evaluation of a 
new procedure. 


CLINICAL MATERIAL AND PROCEDURE 


The material available for the present 
study consists of approximately 500 indi- 
gent cases with squamous cell carcinoma of 
the uterine cervix treated between August 
1, 1948 and September 1, 1954. As this 
study is concerned with tolerance levels of 
the bladder and the rectum, cases of squa- 
mous cell carcinoma originating in a cervical 
stump are not included because they were 
treated by an incomplete (at the best, a 
very short tandem) radium system, and 
often primarily by transvaginal roentgen 
therapy. The inclusion of the doses re- 
ceived by the rectum and bladder in these 
cases would lower the averages and, there- 
fore, distort the conclusions concerning 
dose levels. For a similar reason the cases 
of adenocarcinoma limited to the cervix are 
not included because whenever possible 
postirradiation hysterectomy has been per- 
formed, adding another factor to those 
which can produce sequelae (Table 1). 

Ninety-nine per cent follow-up has been 
obtained as regards the ultimate fate of the 
patient, i.e., whether alive or dead. In 
about 20 per cent of all cases, alive or dead, 
follow-up is incomplete. In the dead group, 
the exact status prior to death is not 
known; in the alive group, interview by a 
local health worker was the source of in- 
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formation. In this latter group, if the health 
worker reported that the patient is alive, 
feels and looks well, and has no complaints 
(which is usually the reason of refusal to 
come back for routine follow-up examina- 
tion), the patient was classified as alive 
without complications. It is very unlikely 
that major or discomforting complications 
would have been overlooked. 

The cases are divided into two groups. 
The first group consists of the patients 
treated from August 1, 1948 to April 1, 
1952, at which time changes i in the radium 
technique and dosimetric procedures were 
firmly established on a routine basis. The 
period of the second group extends to 
September 1, 1954, at which time a radical 
departure from the conventional approach 
was made by replacing the primary intra- 
cavitary irradiation (radium trans- 
vaginal roentgen therapy) supplemented 
by external irradiation with supervoltage 
radiation therapy. In this latter group, high 
doses are given to the whole pelvis in the 
late Stage u1, Stage 111, and Stage 1v cases, 
while the local therapy is considerably re- 
duced. Table 1 shows that the distribution 
of the cases by stages is not significantly 
different in the two groups. 

The patients of the first group were 
treated by a slightly modified Manchester 
technique using tandems of various 
lengths and ovoids of three sizes to take 
advantage of the length of the uterine 
cavity and the width of the vagina. Plastic 
ovoids of 2, 2.5 and 3 cm. diameter 
fastened together by a rod were respec- 
tively loaded with 15, 20, or 25 mg. of 
radium. The tandems were loaded with 
15+10+10 mg. (3 inch tandems), 15+ 10 
mg. (2 inch tandems), and 15 mg. (1 inch 
tandems). Occasionally, if the uterine cavity 
could accommodate a 4 inch tandem, the 
loading was 10+10+10+10 mg. of radium. 
Two insertions of seventy-two hours each, 
separated by ten days, were used. In a 
standard case the total exposure time was 
one hundred and forty-four hours and the 
over-all time of treatment seventeen days. 
In about 40 per cent of the cases, more 
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than two applications were made. These 
applications were spaced at weekly inter. 
vals, and often consisted of tandems and 
ovoids separately. A total exposure of one 
hundred and forty-four hours for both the 
tandem and the ovoids was considered a 
complete treatment. The total treatment 
time was then spread over three and some- 
times four weeks. The number of mg. hours 
varied from 8,000—12,000 with an average 
close to 10,000, 

As the radium insertions were performed 
in outside hospitals, it was not practical to 
obtain routine checkup roentgenograms of 
the placements. Doses at Point A and Point 
B were calculated from tables similar to the 
tables used by the various authors who 
have investigated dose levels at those 
poste. 

The technique of external irradiation 
has been described previously.’ Radium 
therapy was used first whenever possible, 
and whole pelvis irradiation with tumor 
doses of 1,000, 2,000, or 3,000 r was only 
employed in a small group of cases with 
marked infection or grossly distorted anat- 
omy. some _ instances, transvaginal 
roentgen therapy was used in combina- 
tion with external irradiation or in com- 
bination with external irradiation and 
radium therapy. Table 11 records the meth- 
ods of treatment. In a small group of late 
Stage 11 and Stage Iv cases, long protracted 
treatments over ten to twelve weeks were 
given, using external irradiation primarily. 

The doses at Point A had been calculated 
for transvaginal roenten therapy by assum- 
ing (on the basis of the isodose curves pub- 
lished by E. Dale Trout for 140 kv. with 3 
mm. aluminum filtration, 25 cm. source 
skin distance using bakelite cone) that 50 
per cent of the dose at the level of the cone 
reaches Point A for cones 4 cm. in diameter. 
This is a relatively accurate assumption if 
the cervix is of normal size and the fornices 
are well preserved. The contribution of the 
transvaginal roentgen therapy to Point B 
has been considered as zero, even if the cone 
was tilted toward the fornices. Measured 
isodose curves for split field portals show 
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II 
RADIATION TECHNIQUES 
Group I— | Group II— 
1948-1952 | 1952-1954 
Radium only—144 hours! 62 | 42 
Radium only—less than 144 hours II 4 
Radium (144 hours)+ external irradiation 145 128 
External irradiation+radium (less than 144 hours) 11 34 
External irradiation+radium (less than 144 hours) +transvaginal therapy 3 17 
External irradiation only I 10 
Transvaginal therapy+external irradiation 18 II 
Transvaginal therapy only I I 
Miscellaneous (interstitial applications, etc.) 5 II 
Totals | 257 258 


1 A total time of 144 hours for both tandem and ovoids is considered conventional radium treatment. 


that at about 10 cm. below the surface 
(ie., at mid-pelvis for the patient of aver- 
age thickness), about 50 per cent of the dose 
delivered on the pelvic wall reaches the 
midline. In those cases in which a combina- 
tion of intracavitary radium, transvaginal 
roentgen therapy, and split portal external 
irradiation had been used, these various 
contributions have been incorporated in 
the doses at Point A and Point B. 

The cases of the second group, treated 
between April 1, 1952, and September 1, 
1954, showed the same stage distribution 
(Table 1) and were handled with the same 
fundamental radium technique and the 
same basic technique of external irradia- 
tion. However, there were some differences 
which may be very pertinent to the inci- 
dence of complications because, by them- 
selves, they do prevent some of the acci- 
dents of radium therapy such as rotation of 
the colpostats, and protrusion of the uterine 
tandem from the uterine cavity (Fig. 6) on- 
to the posterior vaginal wall. 

The differences were as follows: 

1. Use of metal ovoids fastened to 
handles in order to prevent slipping or 
rotation and to permit better packing 
without risks of malpositioning. 

2. Roentgenograms were taken in all 
cases to check the position of the radium. 
Volume distributions for each insertion 
were calculated for a plane passing through 


the internal os and the paracervical tri- 
angles. The final compounding was made 
routinely. 

3. Bladder and rectal measurements 
were taken routinely in all radium inser- 
tions. Breakdown of the instrumentation 
occurred in about 5 per cent of the inser- 
tions (491 complete readings in 521 radium 
insertions). 

4. Due to an increased awareness of the 
inadequacy of radium therapy in com- 
plicated cases (assuming a dose of 7,000 
gamma roentgens as the minimum), ex- 
ternal irradiation was carried out routinely 
when the geometry was distorted by ir- 
regular, exophytic or craterizing tumor. If 
there still was a gross distortion of the 
anatomy at the completion of the external 
irradiation of the whole pelvis (usually 
2,000 r tumor dose), transvaginal roentgen 
therapy was used, and radium was inserted 
later if the geometry of the pelvic organs 
improved. The dosage of intracavitary 
radium therapy was reduced accordingly. 
On an arbitrary ground, the treatment time 
both for ovoids and tandems was shortened 
by twenty-four hours for each 2,000 r 
delivered to the midline either by external 
irradiation or transvaginal roentgen ther- 
apy. This formula was adopted as a work- 
ing basis and has already proved useful in 
300 cases. Table 11 shows the greater num- 
ber of combinations of external irradiation, 
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transvaginal roentgen therapy and radium 
therapy in the second group. 

5. In the first group, parametrial treat- 
ment was not given between radium inser- 
tions but was begun after the last radium 
insertion. In the second group, parametrial 
treatment was given between the radium 
insertions and found to be well tolerated. 

6. The occasional very long protracted 
treatments using external irradiation pri- 
marily and delivering very high doses were 
employed less frequently, as it was felt that 
palliation was not appreciably increased by 
that technique. 

These differences in the delivery of the 
external irradiation shortened the over-all 
treatment time in the second group. In a 
significant number of cases, the doses at 
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Point A and B obtained from the tables 
were different from those actually calcu 
lated in the individual case. In those in- 
stances in which the tandem was asym. 
metrically located, the dose at right Point 
A was not the same as at left Point A, and 
the same was holding true for Point B, 
However, for the purpose of comparison 
with other series published,*'**"> we kept 
recording the doses obtained from the 
tables assuming average geometry. The 
doses delivered in the first and second group 
at Point A fall closely on the regression 
line of Garcia’ (Table v). Differences in 
either cure rates or high dose effects be- 
tween the two groups cannot therefore be 
explained on dose levels at Point A. The 
salvage rate as shown by plotting accum. 


Taste III 


RESULTS OF TREATMENT (5 YEAR SURVIVAL) AUGUST 1948—APRIL 1952 
SQUAMOUS CELL CARCINOMA OF CERVIX PREVIOUSLY UNTREATED 


Patients registered 292 
Patients treated (including palliation) : 257 
Stage 1V—due to distant metastases 15 
g Stage IIT) 
Patients not treated | Disease limited to pelvis 18) 35 
9 Stage IV 
1 Stage III 
| Refused treatment 2 
\1 Stage IV 
Grossly incomplete treatment (palliation, miscellaneous causes) 25 
Patients alive at 5 years 141 
Absolute cure rate (141 of 292 registered) 48.3% 
Relative cure rate (141 of 257 treated) = 54.5% 
| | Absolute 
| Registered | Alive | Coss ieee Treated Alive Cure Rate 
Stage | | 37 | 34 92% | 37 | 34 92% 
Stage II | 123 | 82 67% | 123 | $2 67% 
A ge 73% | 7 | 73% 
B | 52 58% | 52 3e 58% 
Stage III | 94 | 25 | 27% | 84 | 25 | 30% 
Stage IV 38 | o% | o% 
Stage I | | | | 
Stage IIA | 80% | 108 | 86 | 80% 
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TABLe IV 


SITES OF ACTIVE DISEASE PRIOR TO DEATH—I16 (DEAD PATIENTS IN GROUP I— 
AUGUST 1g48—APRIL 1952) 


| | | 
| 
| Vault Alone | Vault and | Com- P. D. ily In- | | Inter- 
Sites of Dis-| No. of nga | plica- | D. | com- | No | cur- 
ease at Time) Patients tions M. | plete | Da-| rent 
of Death! | Treated with with- (infec-| with- |alone Rx | ta® | Dis- 
| | with out ith out tion) | with out | (start- ease 
5 | '(start- | 
Stage | 37 I I I 
Stage IIA 771 I 3 4 2 I I 3 
Stage IIB 52 I 2 3 6 | 4 3 4 
| I 6 
Stage IITA 47 gt oe 12 6 I 5 2 
2 13 
Stage IIIB 37 Me Cue I 8 2 3 
15 
Stage IV 13 I I I 4 4 2 
5 21 9 34 
Total 257 ° ° ee 2 ee 18 3 | 14 10 
26% 43 


1 The evaluation of sites of active disease is mostly clinical, more rarely based on surgical or autopsy findings. 
? The patients were last seen with no evidence of disease, but died later without any reliable information as to status prior to death. 
3 The average doses at Point A are 6,600 r (ry+r) and at Point B 4,700 r (ry+r) which are lower than the average doses for the 
whole group (Table v). The explanation is that, due to the distorted anatomy, only g of the 26 cases had had a complete conventional 


treatment. 
4 Pelvic disease (almost always pelvic walls) outside of vagina. 


5 Distant metastases, clinically uncontroversial: Lung metastases most frequent, then neck lymph node metastases. 


ulative death rates on probability paper 
(Table vit) was slightly better, but not 
significantly so, in the second series. 

The technique of direct measurements 
of the dose received by the base of the 
bladder and the anterior rectal wall has 
been previously described.’ The most im- 
portant points pertinent to accuracy of 
operation are reviewed in the appendix. It 
sufices to state here that the physical 
accuracy of the instrument is on the order 
of 5 per cent, at a point 2 mm. away from 
the tip of the probe. 

In the radium technique used in this 
institution, the whole vagina is packed 
tightly; therefore, during the entire treat- 


ment the base of the bladder anteriorly 
and the anterior rectal wall posteriorly are 
tautly stretched over the vaginal contents. 
If there is motion of the vagina within the 
pelvis, it does not affect the relationship 
of the base of the bladder and the anterior 
rectal wall to the radium system as these 
three structures are held rigidly together. 
Due to the physical characteristics of the 
photo-tube, the probe does not need to be 
shielded and is very light. It is therefore 
very easy for the operator to feel the con- 
tact of the tip of the probe with the base of 
the bladder or the anterior rectal wall, as 
pressure applied is easily felt. For several 
months, at the beginning of the use of the 
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procedure, two or even three members of 
the scrubbing team took measurements in- 
dependently. It was found that up to a 
depth of insertion of 8 to 9 cm. (from the 
urethral meatus) the bladder measurements 
were within 10 per cent for the various 
operators and the same held true for the 
rectal measurements up to the level of the 
posterior fornix. 

As the probe is graduated in centimeters, 
the doses at the bladder neck (about 3 to 4 
cm. from the urethral meatus), at the inter- 
ureteral line or trigone (about 7 cm.) 
and at the posterior aspect of the base of 
the bladder (8-9 cm.) are easily recorded. 
From g cm. on, the posterior wall of the 
bladder and the measurements, by and 
large, are not too meaningful because the 
bladder is kept empty by a Foley catheter. 
Readings are taken on insertion and with- 
drawal, and are found to be very nearly the 
same. In addition, when the probe is in- 
serted 6 to 7 cm. it is displaced to the 
right and to the left to obtain measure- 
ments in the vicinity of the ureteral orifices. 
It has been found that with the exception 
of asymmetric placement of the uterine 
tandem the midline readings are maximal. 
Radiopaque medium is injected in the 
bulb of the catheter to identify the bladder 
neck, 

The readings along the anterior rectal 
wall are also recorded on insertion and 
withdrawal. Past the level of the posterior 
fornix, the location of the tip of the probe 
is no longer identified with certainty. The 
dose at the level of the posterior fornix is 
responsible for proctitis at that site.!'—"! 
The location of the maximum readings is 
determined by taping a metal ring to the 
anal margin. 

In summary, the added physical and 
anatomic accuracy of the measurements is 
on the order of 10 per cent for the base of 
the bladder up to about 8 to 9 cm. from the 
urethral meatus and for the anterior rectal 
wall up to the level of the posterior fornix. 

Confidence in the procedure has been 
gained by the constantly good correlation 
between the rectal and bladder measure- 
ments and the geometry of the radium sys- 
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tem as seen on the roentgenograms taken 
after the insertion. For instance, in cases of 
marked anteflexion of the tandem (Fig. 4) 
very high bladder doses are consistently 
found on the farthest aspect of the base 
and the posterior wall of the bladder. In 
cases of asymmetric location of the tandem 
the bladder readings taken on the right 
and the left of the midline follow what is to 
be predicted from the location of the tan- 
dem (Fig. 3). High rectal readings are 
noted routinely in cases of retrocessed 
uteri. Usually, whenever excessive readings 
are present, an anatomic variation or a 
pathologic condition such as perforation is 
suspected (Fig. 3). In such instances, the 
practice is to wait until roentgenograms 
are taken before removing the radium. In 
that manner, an explanation is almost 
always gained and greater insight obtained 
into the anomalous anatomic situations. 
This correlation of the geometry producing 
high bladder and rectal doses with radium 
placement often permits the continuation 
of treatment by using corrective measures. 
For instance, marked anteflexion can some- 
times be reduced by packing under an 
extra long flange attached to a rigid tandem 
(Fig. 4). 

A joint weekly conference of the radio- 
therapy and gynecology staffs is held for 
the purpose of analyzing the implants of 
the week, 7.¢., the placement checkup roent- 
genograms, the volume distributions, the 
rectal and bladder doses. The roentgeno- 
grams taken immediately after the patient 
has left the operating room are studied by 
the operator as soon as they are available, 
and the radium is removed if the place- 
ment is unsatisfactory. At the weekly con- 
ference, changes in planning and greater 
individualization are made possible by in- 
creased attention to the fitting of the 
volume distribution to the form of the tu- 
mor. 

The importance of individualization and 
the elaboration of combinations of treat- 
ments is more significant in the advanced 
cases (Fig. 1 and 5). In the early cancers 
with well preserved cervix and fornices, 
standard techniques can be used with very 
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Fic. 1. (4) Case 1. (B) Case 11. (C) Case 11. (D) Case iv. (See text.) 
a 
0 
good results and low incidence of complica- cannot be used when a considerable length s 
tions. With clinical experience, the Paris, of the vaginal canal is involved; a vault is 0 
Stockholm, or Manchester techniques are_ replaced by a large crater; a cervix is en- e 
eminently successful. Standard treatment larged to several times its normal size by t 
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CASE M NO. 16129 CASE W NO. 8009 
19 1006 INSERTION NO.1 6-21-58 TANDEM 15 +10 INSERTION 3-3-52 


ISS + 158 
VAULT DOSE 6500 


*e, 


3500r (72 hrs) 


CASE 8 NO. 8423 
INSERTION NO. 


TANDEM 15415 5-26-52 


OVOIDS 21+ 2) 


VAULT DOSE 4100 


42203300 r (48 bes) 


ostifey 


2005 | 
oos7z 


an expanding tumor; marked obliteration 
of one or two fornices is present; an exten- 


th sive endocervical cancer invades the body 
is of the uterus (barrel-shaped uteri); an 
n- exophytic tumor involves asymmetrically 


by the cervix and displaces the external os to 


Ovolios 15425 


VAULT Dose 7360 


Pt. A (R+) = 82.06Abr. = 5900r (72 hrs) 
P+. A (LF4+)= 48.5 = 3500r (72 hrs ) 


Posterior Lips 40.7 rAhr.= 2930r (72 hrs) 


CASE B NO. 7830 
INSERTION NO.2 


TANDEM 15 ¢ 15 2-4-52 
OVOIDS 25425 


7380 


VAULT DOSE 


3500 r (72 bres ) 


\ 


eee”: 


Fic, 2. Volume distributions in a plane passing through the internal os and the paracervical triangles, for 
the cases shown in Figure 1 (4, B, C and D) in the same order. 


one corner of the vault; or when there is a 
cone-shaped senile atrophy of the vagina 
(Fig. 1, 2, 3 and 5). It is in these circum- 
stances that individualization to fit the 
shape and extent of the tumor improves 
local results. It is in this group that the 
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various dosimetric procedures are of great 
help to encompass the disease in and around 
the vault and as laterally as possible in the 
parametria, without administering exces- 
sive doses to the bladder and rectum. In 
these advanced cases, priority must be 
given to a complete treatment as it is more 
important to cure the cancer than to avoid 
complications (Fig. 5). 

The experience acquired in the first group 
of patients (Table 111) treated without the 
help of dosimetric procedures determined 


Fic. 3. (4, B and C) Case v. (See text.) 


Marcu, 1968 


the amount of attention given to the rectal 
and bladder doses in the second group, 
Table 1v shows that in the cases of the first 
group in which the site of active disease 
was known prior to death, no instance of re- 
currence limited to the vault was observed, 
This maintenance of freedom from local 
residual or recurrent disease was con- 
sidered to be the most important objective, 
The incidence of complications (Table 
vil) was no higher in the white patients 
than, for instance, in the reported series of 
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Fic. 4. (4 and B) Case vi. (See text.) 


Radiumhemmet, despite the fact that in 
those series!” the incidence of residual or 
recurrent disease limited to the vault was 
about 10 per cent for a clinical material not 
more unfavorable. The same is noted in the 
series of the Curie Fondation.!? 

It was felt also that the tolerance levels 
previously published did not have sufficient 
physical basis or correlation with clinical 
findings to be accepted. Various radiation 
techniques, radium alone or combined with 
external irradiation, have significantly dif- 
ferent volume distributions. This volume 
factor is important® and extrapolations for 
different volume distributions are therefore 
not founded. 

Doses to the rectum and the bladder up 
to 8,000 r, have on occasions been permitted 
in order not to diminish the amount of in- 
tracavitary radium therapy as such doses 
had already been given in the first group. 
In about 10 per cent of the radium inser- 
tions, the readings were even more exces- 


sive, or if not that high, obviously ab- 
normal, for the amount of radium inserted 
(Fig. 3). As soon as roentgenograms were 
available, the radium system was removed 
and a modification was made either in the 
planning of treatment (Fig. 3 and 5) or 
the geometry of the radium system (Fig. 4). 
As found by Kottmeier,'* who also uses 
direct measurements, the uterine tandem 
is the main contributor to bladder doses, 
more so in cases of anteflexion. Heavy pack- 
ing under the flange of a rigid tandem 
reduces the anteflexion. It has also been 
found that the usual curved retroflexion is 
not always conducive to high rectal doses 
but that retrocessions almost always result 
in high rectal doses as the whole length of 
the tandem is close to the anterior wall. 
Bladder and rectal measurements were 
taken in all cases, even if there were com- 
binations of methods, and were used in the 
guidance of the treatment. However, it is 
only in those cases where intracavitary 
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Fic. 5. (4 and B) Case vir. (C) Case vin. (D) Case rx. (See text.) 


radium therapy was complete that the data 
can be utilized for the study of tolerance 
levels of radium therapy. For instance, if a 
patient has been treated primarily by ex- 
ternal irradiation and transvaginal roent- 
gen therapy and a tandem only added, the 
rectal and bladder readings should not be 
counted for computation of averages and 
ranges. Table vi A and vi B gives the dis- 


tribution of the rectal and bladder readings 
in 39 cases treated by radium alone and 117 
cases with complete intracavitary radium 
therapy supplemented by external irradia- 
tion to the parametria. 

In the cases treated with supplementary 
irradiation of the parametria, the bladder 
and rectal doses have also been computed 
with the contribution of the external irradi- 
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ation, which is about 50 per cent of the dose 
delivered to the pelvic walls. Figures are 
given both by adding gamma roentgens and 
roentgens without correction of the gamma 
roentgens and also by adding gamma roent- 
gens corrected by a coefficient of 0.7. In 
that manner, the figures given can be com- 
pared with those of the series in which the 
0.7 correction is or is not used.*:?° 
Table vi A shows several important 
points: 
1. The maximum bladder dose is usually 
located 1 to 2 cm. beyond the trigone. 
2. The dose at the bladder neck is almost 
always low, even if the maximum dose 
is high. 
3. There is correlation between the dose 
at the trigone, 7.e., the interureteral 
line and the maximum dose. 


4. 


VIA 


BLADDER AND RECTAL MEASUREMENTS IN 39 CASES TREATED WITH RADIUM ONLY AND II7 CASES 
TREATED LOCALLY BY PRIMARY INTRACAVITARY RADIUM AND EXTERNAL IR- 


39 cases (radium alone) 


The study of the lateral roentgeno- 
grams of the insertions shows clearly 
that the maximum contribution from 
the tandem is to the posterior aspect 
of the base of the bladder. 

As expected, the maximum rectal dose 
is at the level of the posterior fornix. 
This has been determined by com- 
paring distances on the graduated 
probe with measurements from the 
metal ring taped on the anal margin. 
It is in the cases of retrocessed uteri 
that the tandem is a greater contribu- 
tor to the rectal dose. The maximum 
is displaced above the level of the 
posterior fornix; if the uterus is high 
and posteriorly close to the sacrum 
(Fig. 7), the uterine radium is con- 
tributory to the sigmoid dosage. 


Maximum dose in gamma roentgens ° I 2,000ry 3,000Ty| 4,000 ry| 5,000 Ty 7 10,C00Ty | II 
Bladder 
Number of cases I I 3 8 4 5 ° (| ° 
Distance in cm. from urethral meatus rs) Q-Il 6-10 6-9 10 8-9 8 7-8 | 7-8 
Bladder neck dose! 464 750 | 1,613 | 2,379 | 2,376 | 2,363 2,840 | 3,033 | 2,044 


Trigone dose! 806 | 1,150 | 2,069 | 3,103 | 3,486 


? 
4,462 | 5,006 | 3,829 | 7,078 


Average maximum bladder reading 5,147 tT) in 17 days 
Average range in cm. of maximum readings from urethral meatus—-7-9 cm. 


Number of cases ° 2 


Distance in cm. from anal margin 6-8 7-9 7-9 


Rectum 


II 

3 7 3 I ° ° ° 
14 = 

6-7 7-9 Q-10 7-8 


Average maximum rectal reading—4,592 ry in 17 days 


117 cases (radium +external irradiation 


Number of cases I 3 160 26 
Distance in cm. from urethral meatus 7 7-10 7-9 7-9 
Bladder neck dose! 530 736 | 1,511 | 1,704 
Trigone dose! 600 | 1,200 | 2,416 | 3,055 | 


Average range in cm. of maximum readings from anal region—-7~9 cm. 


26 


7-9 
2,264 
4,161 


Bladder 


23 8 10 (| ° ° 


8-10 8-10 8-10 7-10 | 
2,034 | 2,568 | 1,929 | 2,600 | 
| 3,821 | 4,664 | 5,014 | 6,676 


Number of cases a ee 15 30 


Distance in cm. from anal margin | 5-8 7-9 7-9 


37 


Average maximum bladder reading 4,583 ry in 17 days 
Average range in cm. of maximum readings from urethral meatus—7-9 cm. 


Rectum 


Average maximum rectal reading—4,162 ry in 17 days 
Average range in cm. of maximum readings from anal region—7-9 cm. 


1 Figures represent the average for the number of cases having the maximum dose. 


RADIATION OF THE PARAMETRIA 
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TasB_Le VIB 


BLADDER AND RECTAL MEASUREMENTS OF RADIUM DOSAGE PLUS CONTRIBUTION FROM 
EXTERNAL IRRADIATIONS TO BLADDER AND RECTUM (117 CASES) 


‘Gee (unc +exter- | | | 


nal irradiation ES ° | 7,000 8,000 9,000 10,000 r| Il,ooor 
Bladder 
Number of cases 5 | II 32 | 26 | 3 3 | 
Distance in cm. from urethral meatus | 6-8 | 7-9 7-9 | 7-9 8-10 | 8-10 | 7-10 8-9 mi 
Bladder p mee dose! | 2,636 | 3,312 | 3,656 | 4,134 | 4,005 | 4,215 | 4,400 | 6,167 
Trigone dose | | 3,661 | 45 248 4,911 | 5,520 | 5, 875 6,377 1 8,660 | 8,910 
Average maximum bladder reading- 6 »541 rin 47 day s 
Av erage range in cm. of maximum readings from urethral cm. 
Rectum 
Number of cases ooh ° | 14 27 41 18 | 7 | 6 I | I 
Distance in cm. from anal margin | 5-7 | 7- * | 7-9 7-9 7-9 7-9 7-7 | 10 | 69 
Average maximum rectal reading—6,125 in 47 days 
Average range in cm. of maximum readings from anal margin—7~-9 cm. 
ternal irradiation 
Bladder 
Number of cases ta) eee | I | 17 4t | 26 | 25 3 | 4 ° ° | ° 
Distance in cm. from urethral meatus 8-9 | 6-8 79 | 7-9 9-10 7 8-9 
Bladder neck dose! | | 1,287 | 2,669 | 3,109 | 3,524 | 3,330 | 4.378 | 5,461 
Trigone dose! | 25127 | 3,417 | 4,124 | 4,530 | 5,003 | 7,206 | 7,410 | | 
Average maximum | bladder reading—5,227 r in 47 days 
_Av erage range in cm. of maximum Teadings from urethral meatus—-7—9 cm. 
Rec 
Number of cases ; ek | 6 | 17 33 | 44 13 | I | I ° | ° 
Distance in cm. from anal margin | s-7 | 7-0 7-9 | 7-9 7.1, Sa. |, 
Average maximum rectal reading—4,855 r in 47 days 


| Average range in cm. of maximum readings from anal margin—7-9 cm. 


1 Figures represent the average for the number of cases having the maximum dose. 


Moderate diarrheas necessitating no 
medication or easily controlled by kao- 
pectate or small doses of paregoric during 
treatment are not counted as complications. 
Similarly, mild cystitis has not been 
counted as a complication. It is obvious 
that cancers located in the uterine cervix 
cannot be treated by irradiation without 
producing some irritation of the bowels 
and bladder. The criteria for complications 
used by the advocates of radical surgery 
are much looser. Meigs and Liu, for in- 
stance, do not consider severe bladder 
dysfunctions as a complication if they do 
not last at least two years.’® The bladder 
atonia, necessitating extremely elaborate 
gadgetry to empty the bladder in the weeks 
and even months following the hysterec- 
tomy, is not considered as a complication. 

Occasional rectal bleeding without any 
objective findings of stenosis or ulceration 
or rectovaginal septum thickening and 
without any bearing on the hematologic 


status has not been considered as a com- 
plication. If on one or two occasions during 
the years of follow-up, the patient men- 
tions a streak of blood in the stools and no 
persistence of such finding, it is obviously 
of no significance and does not affect the 
well-being of the patient. The classical 
picture of radiation proctitis (blood, diar- 
rhea and tenesmus) appearing less than one 
vear after treatment is listed asa mild proc- 
titis if complaints were registered once or 
twice at the follow-up (less than six weeks’ 
duration) and necessitated no medication. 
If they persisted longer and necessitated 
treatment or were associated with partial 
stricture, they are listed separately (Table 
VII). 

The patients of the second series have 
been followed from a minimum of three 
years to five years. Review of the literature 
on rectal and bladder complications shows 
that only a small percentage of the bladder 
complications appears beyond eighteen 
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Fic. 6. (4 and B) Roentgenograms of insertion show that the tandem had slipped. The radium was immedi 
ately removed. (C and D) Roentgenograms show the positioning after the radium had been reinserted. 


months; they are very rare after three 
years.'4 The only exception, as to the time 
of appearance of bladder complications, 
has been reported by Twombly et a/.,°° who 
noted appearance of bladder complications 
four and five years after treatment. How- 


ever, their cases were treated by transvag- 
inal roentgen therapy and this fact may 
explain the difference in the time of appear- 
ance in contradistinction to the other 
series where radium therapy has been used 
primarily. The dates of appearance of the 
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Fic. 7. (4 and B) Lateral roentgenograms of radium insertions of two patients of Series 11 who had recto- 
sigmoiditis with partial stricture. The radium system is close to the sigmoid. No direct measurement can 
be obtained in the sigmoid unless through laparotomy with the radium in situ. 


complications in the first group (Table vi) 
fit within the usual pattern. 

Average doses received at Point A and B 
in the patients having complications are 
not different from the general average in 
both groups (Table v). Therefore, at least 
in this particular study, there does not seem 
to be any correlation between rectal and 
bladder high dose effects and doses at Point 
A and Point B. 


COMPLICATIONS IN SERIES I (1948-1952) 


Bladder complications were less frequent 
than rectal complications. This is the gen- 
eral rule, the exception being the series of 
cases treated by Twombly e¢ a/. primarily 
with transvaginal roentgen therapy.*? The 
significant complications (ulcers, fistulae, 
etc.) were, with three exceptions, all in late 
Stage 11 and Stage 11 cases. Three of the 
listed bowel complications were associated 


with uncontrolled disease in the pelvis and 
in I instance, in addition, with severe peri- 
tonitis which had developed as a conse- 
quence of a tubal abscess. The mild proctitis 
cases are recorded but they are without 
significance. Three cases of proctitis associ- 
ated with either lasting significant symp- 
toms or partial stricture of the sigmoid are 
listed separately. 

There are 2 cases of severe dysuria with- 
out evidence of bladder ulcers on repeated 
cystoscopies. In both instances, associated 
disease was present: chronic cystitis in one 
and mitral stenosis in the other. 

The ulcers which developed on the an- 
terior rectal wall at the level of the pos- 
terior fornix were not usually asssociated 
with the severe proctitis described by other 
authors. Most of the time there was not 
even a tenesmus or rectal pain, or, if pres- 
ent, it was very minor. Blood streaked 
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stools were the only symptom and on 
rectal examination a thickening of the 
rectovaginal septum with ulceration at the 
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bladder ulcers healed without any medica- 
tion with the exception of one rectal ulcer 
which necessitated several admissions and 


level of the posterior fornix was felt. Some blood transfusions. 

ulcers were associated with various degrees Three of the 4 rectovaginal fistulae 
of perirectal fibrosis, and therefore, using started as vault necrosis and the 2 vesico- 
Todd’s terminology, could be called extrin- vaginal fistulae also started as vaginal vault 
sic reactions. In 2 instances there were rec- necrosis. They appeared in patients having 
tal and bladder ulcers. All rectal and _procidentia which shows that in addition to 


Tasce VII 


COMPLICATIONS 


| Series II 
1952-1954 


Series I 
1948-1952 


Wand Col Wand Col 
|LA165 92 | LA175_ 83 


Rectal Complications 


'Rectosigmoiditis (significant sy mptomatology or with partial stricture) | I 2 2? ° 

’Rectal ulcers without stricture 2 3 ° ° 

’Rectal ulcers with partial stricture I 3 ° fe) 

‘Rectovaginal fistulae I 3 ° ° 

‘Mild proctitis 5 I 2 ° 
Bladder Complications 

‘Severe dysuria 2 

*Bladder ulcers 2 2 | 3° 18 

Vesicovaginal fistulae 2 ° 
Rectal and Bladder Complications 

Both rectal and bladder ulcers I ° fe) ) 

‘Both rectovaginal and vesicovaginal fistulae ° fe) | ° 2 
All Fistulae (2 series): 9 

340 white patients I (0.3%) | 

175 colored patients 8 (5%) 


: There have been repeated bouts nal bowel difficulties (proctoscopies seaniea sufficient to warrant low residue diets in two instances. 
Any more radical treatment or any surgical procedure was never contemplated. 

* In these 2 cases the uterus was high and posteriorly in close vicinity of the sigmoid (See Fig. 7). 

’ The rectal ulcers appeared between eight and sixteen months, associated with mild proctitis (tenesmus, diarrhea, blood). One 
patient bled sufficiently to bring her hemoglobin down and necessitate blood transfusion. All ulcers healed except one which developed 
into a fistula (listed under rectovaginal fistula). Some were associated with partial stricture (extrinsic reaction of Todd) of the recto- 
sigmoid, staying wholly asymptomatic even in patients alive after more than five years. 

4 All fistulae started from necrosis of the vault except in 1 of the 3 colored patients of the first series where it started as a rectal 
ulcer. Of the total of 9, distribution by stages was 1 Stage 1 (colored), 3 Stage u, § Stage 11. 

5 This consisted of rectal pain, some diarrhea and small amount of rectal blood. All appeared between seven and fourteen months, 
not lasting any longer than two to four months. Often the complaints were recorded on one follow-up visit only. They are insignificant, 
but are listed because the symptomatology is typical of what is reported in the literature under radiation proctitis. 

6 Although repeated cystoscopies showed nothing but telangiectasia, the discomfort was real, lasting about one year. In 1 instance 
there was a history of chronic cystitis prior to therapy and the other patient suffered from severe mitral stenosis (cause of death two 
and one-half years later). 

In the case in the second series eventually a tumor located in the dome (possibly metastatic) was resected. 

7 All bladder ulcers healed in approximately six months, the patients being asymptomatic since. They appeared after six to twenty- 
eight months (70% under fifteen months). 

’ The 4 cases of Series 11 have had the following features: In 1 instance the area of necrosis was on the lateral bladder wall (bladder 
dose 4,500 ry in 3 weeks, no external irradiation) on the side of a unilateral lymphadenectomy. In another instance the area of necrosis 
appeared on the trigone three months after a radical hysterectomy and lymphadenectomy were performed six weeks following radiation 
therapy. In 2 other cases the area of necrosis was located on the dome, in 1 there was marked anteflexion (8,500 ry at 7~8 cm.) and in 
the other, a marked cystocele, the bladder dose was high and the time of treatment was reduced to 96 hours instead of 144 hours 
with a bladder dose of 5,000 ry at 8-10 cm. 

W: White. 

LA: Latin American. 

Col: Colored. 
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8- 
7-4 
© SERIES I SERIES I 
5- Years % Dead Years % Deod 
aa 13 16 
2 25 2 286 
3 3 34 3 37 
PREDICTED ALIVE 5 455 
AT 5S YEARS OR 54.5 ALIVE 


2- 54% 


2 S 10 15 20 30 40 $060 70 80 90 
CUMULATIVE DEATH RATE 


Fic. 8. Cumulative death rate plotted for both 
series on logarithmic probability paper. The 
salvage rate is slightly better for the second series, 
but not statistically so. The actual five year figure 
is always better than the predicted figure. 


radiation dosage there are other factors 
involved. Five of the 6 fistulae were in 
colored patients and I in a white patient. 

A review of the various complications in 
this group shows that, in addition to phys- 
ical factors, concomitant diseases (cystitis, 
heart disease), anatomic abnormalities 
(cystocele, procidentia) and racial char- 
acteristics are most significant. 


COMPLICATIONS IN SERIES II (1952-1954) 


Table vi a gives the rectal and bladder 
doses delivered by the radium system in 
156 cases treated primarily by radium 
alone or by radium with supplementary 
external irradiation to the whole pelvis. In 
these cases, direct measurements were done 
at all insertions. In 67 instances, the radium 
contribution to the bladder exceeded 5,000 
r, and in 39 cases it exceeded 6,000 r,. 
In some instances, it exceeded 7,000 and 
even 8,000 r,. Of that group only 1 patient 
developed an ulcer located in the dome of 
the bladder. In this particular case there 
was marked anteflexion and the dose to the 
posterior aspect of the bladder was 8,500 
r,. In the 3 other instances of bladder ulcer, 
the dose was not excessive but there were 
associated factors (Table vir). 

In 40 instances, the contribution from 
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the radium system to the rectum at the 
level of the posterior fornix was 5,000 r, 
and in 20 instances, more than 6,000 r,. 

Table vi B gives the combined contribu- 
tion from the radium system and external 
irradiation in the 117 cases which were 
treated essentially by roentgen therapy to 
the parametria and intracavitary radium 
for the primary disease. At the 250 kv. 
and 400 kv. level, even if the midline is 
shielded with a thickness of lead which 
absorbs almost the entirety of the primary 
beam, the side scatter is quite appreciable 
under the shielded area. The r and r, doses 
can be added—with or without a correction 
factor. The time of treatment is from the 
first to the last day of exposure. The daily 
dose from the radium system is, of course, 
much higher than the fractionated daily 
dose from the external irradiation. These 
data are given, although in the literature 
there is no study concerning the over-all 
irradiation. 

As in the first series, the vesico- or recto- 
vaginal fistulae appeared in colored pa- 
tients, starting also with vault necrosis. The 
doses at Point A and at Point B, as well as 
the rectal and the bladder doses, are below 
average. Therefore, the physical dose of the 
irradiation is not the determining factor. 

In the second series, the incidence of proc- 
titis and rectal ulcers has been appreciably 
reduced. There are only 2 instances of 
partial stricture of the rectosigmoid in 
patients with high posterior uteri and there- 
fore with the radium system placed close 
to the sigmoid (Fig. 7). Unless direct 
measurements are performed through lap- 
arotomy with the radium in situ, the con- 
tribution from the radium system to the 
sigmoid cannot be measured. 

Except for the 1 bladder ulcer located in 
the dome of the bladder (8,500 r, from a 
markedly anteflexed uterine tandem), the 
other 3 bladder ulcers were associated with 
other causes. In 1 instance, an area of 
radiation slough developed on the trigone 
three months after a radical hysterectomy 
and lymphadenectomy had been performed 
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following the completion of radiation 
therapy. In another instance, an area of 
slough appeared on the right wall of the 
bladder on the same side where thirty 
months previously a unilateral right lymph- 
adenectomy had been performed. In the 
last case, there was a marked cystocele pro- 
ducing sagging of the bladder between the 
radium sources. Radium treatment had 
been medified and appreciably shortened 
to give a bladder dose of only 5,000 r,. 

The 1 case of severe dysuria eventually 
had a resection for a bladder tumor located 
on the dome at the site where previous 
cystoscopies had failed to reveal any ob- 
jective findings. 

The incidence of rectal complications 
has been sharply reduced in the second 
series, and they were of the milder type, 
without fistulae in the white group. The 
bladder complications, as was to be antic- 
ipated, were the same, since even if there 
was a slightly better dosimetry control in 
most instances, they usually were asso- 
ciated with other pathology. 

From a detailed study of the rectal and 
bladder complications and the tabulation of 
the radiation dosage to the bladder and to 
the anterior rectal wall up to the level of the 
cervix, it appears that there is no strict cor- 
relation. Obviously, a dose of considerable 
range can be tolerated and one should not 
arbitrarily set, for instance, a dose of 5,000 
r, to the bladder or to the rectum as a limit 
for the radium treatment. 


ILLUSTRATIVE CASES 
Case 1 (Fig. 14 and 24). MC 16129. This 


sixty-one year old white woman was treated 
in June, 1955, for a Stage 11 carcinoma of the 
cervix with shortening of the left fornix and 
moderate invasion of the left parametrium. An 
endometrial biopsy was reported positive for 
squamous cell carcinoma growing in endo- 
metrium. There was moderate senile atrophy 
of the vault, which could accommodate small 
ovoids loaded with 15 mg. of radium each. Al- 
though the uterine cavity was only 23 inches 
long, a three inch tandem was used to make 
certain that there was a radium source high in 
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the fundus. This was even more important in 
this case due to the invasion of the body of the 
uterus. As the tandem protruded slightly, in- 
stead of 15-10-10 mg. of radium, it was loaded 
with 15-10-6 mg. 

Anteroposterior (14) and lateral roentgeno- 
grams showed excessive separation between the 
tandem and the colpostat. Too forceful separa- 
tion of the ovoids in an inelastic cone-shaped 
vault had pulled the colpostat down toward the 
introitus. This is a common occurrence in cone- 
shaped vaults, whether due to senile atrophy 
or disease, unless precautions to avoid it are 
taken. The volume distribution was very un- 
satisfactory at the level of the portio vaginalis 
and paracervical areas, as demonstrated by the 
volume distribution seen in Figure 24. There- 
fore, the ovoids were removed and the tandem 
alone left for seventy-two hours. A second in- 
sertion performed a week later consisted of 
ovoids only to compensate for the lack of 
colpostats in the first one. The third insertion 
was performed another week later using both 
tandem and colpostats for the remaining 
seventy-two hours, being very careful not to 
separate the ovoids too forcefully. The roent- 
genograms of the last insertion showed no gap 
between the tandem and ovoids. A total of 9,000 
mg. hr. was delivered in one hundred and forty- 
four hours over a three week period. 

If a one piece applicator had been used, the 
pressure exerted on the vaginal walls would 
have produced the same downward displace- 
ment of the whole radium system, resulting in 
inadequate irradiation of both the paracervical 
areas and the uterine cavity, as the lateral 
throw-off in the paracervical areas depends 
greatly upon the presence of a source in the 
fundus. 


Case 1 (Fig. 1B and 2B). RL 8009. This 
forty-one year old colored patient was treated 
in March, 1952, for a late Stage 1 carcinoma of 
the cervix. The lesion, of the everting type and 
about 6 cm. in diameter, involved primarily the 
posterior lip of the cervix and the posterior 
wall of the endocervical canal. The external os 
was displaced far anteriorly and the fornices 
were practically nonexistent. As to be expected, 
the lateral roentgenogram of the first insertion 
(1B) showed the tandem to be located very an- 
teriorly. The roentgenogram also showed the 
tumor protruding as a soft tissue mass in the 
air-filled lumen of the rectum. Actually, the tu- 
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mor was in relatively satisfactory geometric rel- 
ationship to the uterine and vaginal radium, as 
it was circumscribed by an L-shaped arrange- 
ment. The calculated dosage rate at the most 
posterior point of the tumor was approximately 
41 ry per hour, #.e., 3,000 r, for seventy-two 
hours, or half of the treatment (2B). The blad- 
der readings (2,000 r,) were highest at 6-7 cm. 
(trigone). To take advantage of the shrinking 
of the tumor between insertions, the treatment 
was spread over three weeks, with a total of 
9,955 mg. hr. The maximum bladder reading 
was 2,600 r, at 6 and 7 cm. from the urethral 
meatus (trigone). The rectal reading was about 
6,000 r, at 7-Io cm. from the anal margin. As 
the tumor was primarily located on the pos- 
terior lip, one was not only unconcerned with 
these high rectal readings, but pleased to have 
them, as it was an assurance that the tumor on 
the posterior lip was receiving an adequate tu- 
mor dose. 

* Four years later, the patient was free from 
disease and had no rectal or bladder complica- 
tions. 


Case m1 (Fig. 1C and 2C). BL 8423. This 
thirty-one year old colored patient was treated 
in May, 1952, for a Stage 11 carcinoma of the 
cervix. The vagina was grossly distorted by an 
infiltrating type of carcinoma which had com- 
pletely obliterated the left vaginal fornix. The 
tumor reached the left pelvic wall. Prior to 
radium therapy, a tumor dose of 1,600 r was 
delivered to the whole pelvis by external irradia- 
tion. The first insertion consisted of a two inch 
tandem loaded with 15-15 mg. of radium, and 
medium ovoids each with 21 mg. of radium 
(1C). The ovoids were placed asymmetrically to 
take advantage of the preserved right fornix. 
Had the radium been left for seventy-two hours, 
the bladder reading would have been 2,700 ry 
at the trigone and the rectal reading 4,000 r, at 
5-8 cm. from the anal margin. In view of this 
high rectal dose, the radium was removed after 
forty-eight hours (2C). At the second insertion, 
the packing between the colpostat and the 
rectovaginal septum was done more forcefully 
and then the maximum rectal reading for 
seventy-two hours was 1,560 r, at 5-8 cm. from 
the anal margin. 

The total number of milligram hours was 
8,500 with a maximum bladder dose of 4,540 ry 
at 7 cm. (trigone), and a maximum rectal dose 
of 4,350 ry at 7 cm. from the anal margin. 

Four years later the patient was without evi- 
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dence of disease and had no rectal or bladder 
complications. This case was shown primarily 
as an example of marked distortion of the vault 
of the vagina and the fornices. Due to the flex. 
ibility of the applicators and the utilization of 
the bladder and rectal measurements, the treat- 
ment was performed with the best anatomic 
fitting and without excessive doses to the rec- 
tum and the bladder. 


Case tv (Fig. 1D and 2D). BM 7830. This 
thirty-five year old colored patient had an ex- 
ceedingly bulky Stage 1 lesion, measuring about 
7 cm. in diameter and occupying the posterior 
and left aspect of the cervix, with the os being 
located in the extreme right corner of the vault. 
It is inconceivable that a single piece applica- 
tor could have been utilized in this case (1D 
and 2D). This also illustrates how much the 
radium system can deviate from average 
geometry. 

The patient four years later showed no evi- 
dence of disease and no complications. 


Case v (Fig. 3, 4,B and C). LB 12972. This 
seventy-one year old colored patient had a large 
everting squamous cell carcinoma of the cervix, 
probably Stage 1 despite an irregular nodular 
mass in the left adnexa which was thought to be 
an ovarian tumor. In view of the questionable 
origin of the left adnexal mass, it was decided 
to use radium therapy first, and then laparot- 
omy, before delivering high doses to the para- 
metria with external irradiation. The os could 
not be found at the time of the first insertion, 
and therefore ovoids alone were used. The sec- 
ond insertion, a week later, consisted of a 
tandem (cobalt 60 sources of 20-14-9 mg. of 
radium equivalent) and small ovoids (15-15 
mg.). The bladder readings were taken as usual, 
with particular emphasis on the left and right 
sides, in view of the asymmetric location of the 
uterus (4). The recorded measurements (Chart 
1) show that the readings in the vicinity of the 
bladder neck were, as expected, higher on the 
right; further along the base of the bladder they 
became higher on the left. This is an excellent 
example of correlation between the geometry of 
the radium system and the direct measure- 
ments. Along the left side the readings were 
very high at 9 and Io cm., but it was not the 
object of much concern as the bladder was kept 
empty during the treatment. Therefore, the 
radium system was left in for seventy-two 
hours. To complete the radium treatment, one 
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Form used for charting the bladder and rectal doses. The figures between parentheses are those which 
would have been delivered had the radium system been left for seventy-two hours. 


DOSE MEASUREMENTS (CASE V) 


BLADDER 
Insertion No. Hr | cm cm cm | 6cm | 7 cm 8 cm cm lic - 
and Date 3 | | | g cm. cm. | 12 cm. 
1—July 23, 1954 72 242 325 | 325 | = 400 480 650 650 480 
2—July 30, 1954 | | 
Right Side 72 730 1,045 | 1,370 1,850 2,420 | 3,250 3,470 3,070 
Left Side 72 730 goo | 1,210 1,770 2,580 4,250 5,880 8,680 
(72) TF || (100) (250) | (S00) (goo) | (1,760) | (4,280) | (5,500) | (5,500) | (3,060) 
3—August 10, 1954 8 II 28 | 56 100 196 475 610 610 340 
Total* 983 1,325 | 1,671 | 2,310 3,176 4,875 5,935 6,965 
RECTUM 
Insertion No. Hr 3cm cm $ cm 6 cm cm 8 cm cm Iocm. | II cm | 12cm 
1—July 23, 1954 72 161 325 560 805 I ,120 1,210 1,120 885 
2—July 30, 1954 72 403 644 970 1,450 1,770 1,850 | 1,850 1,680 
3—August 10, 1954 | 8 — — — II 2 28 28 | 45 
Total 564 969 1,530 2,266 2,918 3,088 2,998 2,610 


* An average of right and left measurements of the second insertion has been taken for the totals. 
+ The figures between (_ ) are for the 72 hour insertion of tandem alone which was not completed. 


week later a third insertion was performed, this 
time with only a two inch tandem, loaded with 
is and 10 mg. Empty ovoids are always used 
for the purpose of better packing and checking 
of position of the radium system (B and C). 
The bladder readings would have been as high 
as 4,200 ry at 8 cm. and §,500 r, at 9 cm. again 
if the tandem had been left for seventy-two 
hours as planned. It was felt that for a short 
tandem these doses were excessive, and the 
radium was removed as soon as the roentgeno- 
grams were available (eight hours after the in- 
sertion). 

Five weeks after the last application (Septem- 
ber 16, 1954), a total hysterectomy was per- 
formed with removal of the left adnexal mass, 
which was a benign ovarian cyst. The uterus 
was found to be perforated. The tandem was 
therefore in contact with the bladder in the 
region of the fundus of the uterus, which ex- 
plains the high readings. The study of the speci- 
men showed no residual tumor in the uterus 
and the lymph nodes were removed. Accord- 
ingly no parametrial irradiation was given. A 
year and a half later, the patient was free from 
disease, with no symptoms referable to rectum 
and bladder. It is of interest to note that despite 


the high dose to the posterior wall of the blad- 
der, the bladder neck readings were low. It has 
been found in many instances that there is not 
necessarily a correlation between the dose to the 
bladder neck and the dose to the trigone and 
posterior wall of the bladder. 


Case vi (Fig. 4, 4 and B). PH 11818. This 
thirty-nine year old colored woman had a Stage 
II carcinoma of the cervix due to involvement 
of the left fornix. Although the uterine cavity 
measured only 24 inches, a three inch tandem 
was used, employing a dummy in the endo- 
cervical canal so that there would be sources as 
high as possible in the fundus. The tandem was 
loaded with two cobalt 60 sources equivalent to 
16 mg. of radium. Large ovoids were loaded 
with 25 mg. of radium each. For seventy-two 
hours, the bladder reading would have been 
5,680 r, at 8 cm., i.e., on the posterior aspect of 
the base of the bladder, due to marked anteflex- 
ion (B). Accordingly, the first radium was left 
in only forty-eight hours, and for the second 
insertion a rigid tandem with a long flange was 
loaded with 15, 10 and Io mg. of radium, and 
18 mg. of radium was used in each large ovoid. 
The marked anteflexion was reduced by packing 
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DOSE MEASUREMENTS (CASE VI) 
BLADDER 
Insertion No. H | | | 6 | | | 
1—February 22, 1954 | 48 |1 O00 | ly 880 | lo 5130 | 2 2,740 | 3,140 3 3,760 | 3,600 ; 3,020 
2—March 8, 1954 | 96 | 1,050 | 1,290 | 1,450 | 1,770 | 1,850 | 1,940 | 2,020 | 1,940 | 
| (72*) (1,500) (2,670) (3,200) (4,120) (4,720) (5,680) (5,400) fas | 
Total | 2,050 | 3,170 | 33580 | | 4510 45990 | 5,700 620 | 45960 | 
RECTUM 
Insertion No. | H | | | | 
| r. 3 cm. cm. 5 cm. cm. 7 cm. 8cm. 11 12cm. 
| _| | | | 
1—February 22, 1954 | 48 480 | 700 | 1,120 | 1,350 | 1,175 | 1,825 | 1,570 | 1,080 | | 
2—March 8, 1954 | 96 | 480 | 730| 805] 970 | 1,050 | 1,120 | 1,210 | 1,120 | | 
| (72*) (270)|(1,050) (1,660) | 
Total 960, | 1,4. 30 | 1,925 2 1320 | 2 9225 | 2,945 | sil | 2 200 | 


* The ( ) are the 72 hour insertion was not completed. 


under the long flange of the tandem (4). This 
was very successful, and the bladder reading 
was only 2,000 r, at 8 and g cm. To compensate 
for the first shorter insertion, the second radium 
was left in ninety-six hours. The bladder neck 
received 3,160 r, and the maximum dose was 
5,700 r, at 8 cm. and $,600 r, at 9 cm. The rectal 
doses were low, with a maximum of 3,000 r, at 
8 cm. from the anal margin (Chart 11). 

Two years after completion of treatment, the 
patient was without evidence of disease or 
complications. 


Case vii (Fig. 5, 4 and B). ER 11998. This 
fifty-four year old white woman was treated in 
March, 1954, for a Stage 11 squamous cell carci- 
noma, infiltrative type, which had almost com- 
pletely eroded the cervix and involved the up- 
per third of the vagina. The os was identified to 
the right of the crater. The uterine cavity 
measured 24 inches. The first radium insertion 
consisted of a two inch tandem with 15 and to 
mg. sources and small ovoids with 15 mg. each. 
The bladder readings were high, 3,600 r, at 7 
cm. and 3,300 r, at 8 cm. However, the radium 
was left in for seventy-two hours, as it was 
planned to use a three inch tandem with a 
dummy in the endocervix in the second inser- 
tion, in order to avoid crowding of the vaginal 
and endocervical sources which probably was 


responsible for the high bladder readings. This 
was not successful, and had the second radium 
been left in for seventy-two hours the bladder 
readings would again have been above 3,000 r, 
at 7-9 cm. (4 and B). Therefore, the second 
radium was removed after twenty-four hours. 
The third radium (without fundal source) was 
left in for forty-eight hours (time necessary for 
a complete treatment), and the total readings 
were 2,600 r, at the bladder neck, 5,860 ry, at 
the trigone, and 8,000 r, on the posterior aspect 
of the bladder (Chart 111). Despite these high 
bladder readings it was felt that a complete 
treatment was indicated to sterilize this un- 
favorable lesion. An attempt was made, dur- 
ing the second and third insertions, to reduce 
the anteflexion by using a rigid tandem with a 
long flange, but this maneuver was unsuccess- 
ful. The rectal reading had a maximum of 4,000 
r, at g cm. 

The patient was seen on August 17, 1955 with 
some induration of the uterosacral ligaments, 
but no evidence of disease and no bladder or 
rectal complications. 


Case vit (Fig. 5 C). RP 11720. This fifty- 
three year old white woman was treated in 
February, 1954, for a Stage 111 lesion of the cer- 
vix which had completely destroyed the cervix 
and had spread to the posterior wall of the 
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Cuart III 
DOSE MEASUREMENTS (CASE vil) 
BLADDER 
Insertion No. | Hr. | 6 
and Date | r. || 3 cm. 4cm § cm. cm. | 7 cm cm g cm 10 cm. Il cm. 12cm. 
1—March 29, 1954 | 72 885 1,290 1,610 2,700 3,640 3300 2,690 2,240 
2—April 13, 1954 | 24 a3. | 460 560 JOO | 1,025 1,210 1,150 I ,025 
3—April 15, 1954 | 48 645 860 1,199 | 2,460 3,360 
Total 1,883 | 2,610 | 3,290 5,860 | 8,025 
RECTUM 
Insertion No, H 
3 cm. 4 cm. cm. 6 cm. 7 cm. 8cm. | gem. 10 cm. Ilcm. | 12 cm. 
1—March 29, 1954 | 72 645 805 | 1,050 1,210 1,450 1,860 2,020 
2—April 13, 1954 | 24 || 300 goo | 515 595 615 673 | 643 
3—April 16, 1954 | 48 | 645 970 1,120 I ,230 1,350 1,400 1,350 1,230 
Total 1,590 | 2,175 | 2,685 | 3,035 | 3,415 | 3,933 | 4,013 


vagina, with disease reaching the pelvic wall. the bladder neck was goo r, and gradually in- 
An endometrial biopsy was positive. The pa- creased as the probe came closer to the uterine 
tient was first treated with 2,000 r external tandem (Chart Iv). This is a classic example, 
roentgen irradiation to the whole pelvis. Roent- as Kottmeier has emphasized, of the tandem 
genograms of the first radium insertion (tandem _ being the main contributor to bladder dosage. 
and ovoids) revealed marked anteflexion of the The tandem sources are the closest to the trigone 
tandem and excessive separation of the uterine and the posterior aspect of the base of the 
and vaginal sources, due to the narrowing of the bladder. Due to the unfavorable separation 
vault of the vagina and distortion of the between the endocervical radium and _ the 
posterior fornix by disease (C). The reading at vaginal radium, the ovoids were omitted for 


Cuart IV 
DOSE MEASUREMENTS (CASE VIII) 
BLADDER 
| 
Insertion No. Hr cm cm. | 5 em 6cem. | Jem. | 8em g cm 10 cm Item. | 12 em 
1—February 1,1954| 72 645 | goo 1,050 1,450 2,180 | 2,580 2,660 2,820 
2—February 15,1954 | 72* 325 560 goo 1,290 | 1,770 | 2,240 2,580 2,580 | 
Total || 970 1,460 | 1,950 | 2,740 | 31950 | 4,820 5,240 5,400 
RECTUM 
Insertion No. | 
Hr. || 3cm 4com § cm 6 cm cm 8 cm gcm 10 cm Il cm. | 12 cm. 
and Date 
1—February 1,1954| 72 970 I ,37 1,775 1,860 1,940 I ,690 1,610 1,530 1,530 
2—February 15, 1954 | "a" i) 936 645 1,050 1,455 1,940 2,240 2,510 2,350 1,860 | 1,120 
| | | 
lotal | 2,015 2,825 3,315 3,880 3,930 4,120 3,880 3390 


* Tandem alone. 


958 445 
= 
q 
: 
j 
m 
er 
1s 
4) 
it : 
a 
h 
x 4 
— 
AN 


446 Gilbert H. Fletcher, Thomas C. Brown and Felix N. Rutledge 


the second insertion, which consisted of a long 
tandem with four sources of 15, 10, 10, and 10 
mg. A dose of 3,000 r was added transvaginally 
by roentgen irradiation. The total bladder 
reading for the two radium insertions was 
5,000 ry at 9-10 cm. The total rectal reading was 
3,680 ry. These doses, with the contribution from 
the transvaginal and external roentgen irradia- 
tion, are high, but again adequate therapy was 
given priority. 

The patient was seen at the end of 1955, with 
no evidence of disease and no bladder or rectal 
complications. 


Case 1x (Fig. 5D). BB 11445. This thirty-six 
year old colored woman was treated in Febru- 
ary, 1954, for a Stage 11 endocervical carcinoma. 
The uterus was barrel-shaped. The fornices were 
markedly involved. The cervix itself was en- 
larged twice its normal size, and had a ragged 
ulceration around the external os. A dose of 
2,000 r was given with external roentgen irradia- 
tion to the whole pelvis prior to radium therapy; 
also it was decided to perform weekly radium 
insertions of forty-eight hours each, in order to 
protract the treatment. The first insertion con- 
sisted of a tandem alone, loaded with 15, 15, 
and 10 mg. of radium. The rectal reading was 
§,000 ry at 6-8 cm. It was obviously abnormal 
for a tandem alone and the radium was removed 
three hours later. 

The patient was examined afterwards in the 
clinic and rectal examination was performed 
with a metal probe in the uterus. The probe 
could be felt in contact with the rectal mucosa. 
The external roentgen irradiation had melted 
the tumor in the endocervix, and there was 
only the thickness of the rectal mucosa between 
the tandem and the rectal finger. 

The second radium insertion consisted of a 
tandem loaded with a 25 mg. fundal source and 
two dummies, and two large ovoids with 20 
and 20 mg. For the third application, the 
tandem was loaded with 15 and 10 mg. and 
a dummy in the endocervical canal. Empty 
ovoids are always used for evaluation of the 
geometry. The total dose was 9,280 mg. hr. 
The maximum rectal reading was 3,400 ry, at 
7 cm., and the maximum bladder reading was 
2,860 r, at 8 cm. The use of dummies in the 
endocervical canal had successfully reduced the 
rectal dose. 

Due to the endocervical type of disease and 
the invasion of the uterine cavity, it was felt 
that a total hysterectomy and lymphadenec- 
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tomy was in order. It was performed seven 
weeks after the last radium insertion. The 
operative specimen was free from tumor. The 
patient had a rather stormy course, but eventu- 
ally the vault healed. 

On August 25, 1955, the patient had no evi- 
dence of disease, the vault was well healed, and 
there were no bladder or rectal symptoms. 


DISCUSSION 


A perusal of the literature on direct 
measurements shows the following data: 

Ingleman-Sundberg," reviewing the clin- 
ical results in 109 cases in which Sievert per- 
formed direct measurements in the rectum, 
states that complications begin to appear 
when more than 3,300 r, are delivered at 
0.8 cm. away from the anterior rectal wall 
(distance due to the size of the condenser 
chambers). This applies to the Stockhom 
technique. 

Lederman,” using a modified Stockholm 
technique, found by direct measurements 
in the rectum and the bladder that over a 
period of twenty-three days, with three 
radium insertions, each lasting twenty-two 
hours, the dose to the bladder varies from 
2,000 r, to $,150 r, (no more precise loca- 
tion) and the dose to the rectum from 1,300 
r, to 4,350 r,. No correlation with doses is 
given in the cases having developed com- 
plications. 

Strickland,” using modified Manchester 
applicators, with three insertions of twenty- 
two hours each over three weeks, states 
that in the average case the mean dose to 
some 6 cm. of the rectal wall is on the order 
of 6,000 r,, and that variation of doses is 
likely to be great, depending upon the posi- 
tion of the uterus, the size of the vagina, 
and the tightness of the packing. His ex- 
perience that most of the rectal dose is due 
to the vaginal radium agrees with the find- 
ings of Kottmeier™ and of this institution.* 
There is no correlation of individual com- 
plications with the doses to the bladder or 
the rectum. There is only the statement 
that in one instance a rectovaginal fistula 
was due to radium injury and not to pro- 
gressive disease. The dose is not given. 

Deeley,’ using a modified Paris tech- 
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nique, without indicating dose and time, 
divides rectal complications in reactions 
and proctitis without further specification. 
He states that proctitis (seemingly rectal 
ulcers and other late appearing complica- 
tions) appears in 23 per cent of the cases 
where the rectal dose is between 4,0co and 
4,500 ry, and in 35 per cent of the cases 
where the rectal dose is above 5,400 r,. He 
believes that the safe dcse for the rectum is 
4,000 r,. By calculation from the roent- 
genograms he found that the dose to the 
mucosa of the anterior rectal wall is 5,000 
r, and in the rectovaginal septum 6,000 r,. 
He agrees with the maximum safe dose 
given by other writers.”5:?8 There is no 
analysis of the cases where complications 
occurred. 

Kottmeier,'® states that in the Stock- 
holm technique, as performed at Radium- 
hemmet, the average maximum dose to 
the bladder is 4,410 r,. In the cases where 
the uterus is markedly anteflexed, the maxi- 
mum dese may be as high as 7,500 r,. The 
intrauterine tandem is mostly responsible 
for the high bladder doses. The maximum 
dose 2 to 3 mm. behind the anterior rectal 
mucosa averages 3,920 r, with variations 
between 2,500 and 5,200 r,. Variations of 
this maximum dose received by the rectum 
at the level of the lower part of the cervix 
depend essentially, in the radium technique 
used in Stockholm, on the size of the vagi- 
nal applicator. At that level, where the 
rectal reactions occur with the Stockholm 
technique, the vaginal radium is responsible 
for 65 per cent of the dose. Kottmeier states 
that doses of more than 5,0co r, may cause 
a proctitis on the anterior rectal wall. 

Bonebrake et al.’ analyzed the doses at 
Point A and Point B and the doses re- 
ceived by the rectum and the bladder with 
various radiation techniques used at Barnes 
Hospital between 1921 and 1947. The in- 
formation pertinent to measurements prior 
to the development of the instrumentation 
must have been obtained from measure- 
ments in water phantoms and, therefore, 
applies to an average geometry and could 
not be referred to the individual cases which 
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have had complications. With the current 
technique at the time of publication, which 
seems to be a modified Manchester tech- 
nique, the tolerance level for the bladder is 
set at 7,000 r, and for the rectum at 6,500 
r,. The exact time and dose rates are not 
specified. 

This perusal of the literature on direct 
measurements ends with obviously con- 
flicting data. If one adds a review of the 
reported series by the large tumor centers, 
one can summarize the present status of 
bladder and rectal complications as follows: 

1. The incidence and type of bladder and 
rectal complications vary in different in- 
stitutions. For instance, in the Radium- 
hemmet series there are relatively more 
bladder complications than in some others. 
This is understandable as in the Radium- 
hemmet technique the plaques are closer to 
the trigone and, in addition, there is a con- 
centration of radium in the fundus which, 
due to the closeness of the sources in that 
location to the base of the bladder, produces 
higher doses and, therefore, higher inci- 
dence of bladder ulcers. With the radium 
techniques in which there is a smaller 
amount of fundal radium used, the bladder 
complications are less frequent. At the 
Radiumhemmet also, the external irradia- 
tion is very moderate, probably at the 
most, at least in the past, 1,2co to 1,$co r 
to the pelvic walls. The most important 
high dose effect comes from the radium 
and is limited to the anterior rectal wall 
at the level of the posterior fornix. There- 
fore, in the Radiumhemmet series only 
ulcers limited at that site or rectovaginal 
fistulae without perirectal fibrosis were 
observed, whereas at the Holt Radium In- 
stitute, where external irradiation plays a 
greater part and is given in greater 
amounts, the perirectal fibrosis which 
Todd called extrinsic reaction is seen. In 
our institution, where external irradiation 
is given in greater amounts than at the 
Radiumhemmet, we have had instances of 
this perirectal fibrosis. 

This shows very clearly that one cannot 
consider radium alone but the amount of 
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external irradiation must also be included 
whenever one analyzes the physical factors 
producing rectal and bladder complica- 
tions.’ One should not forget that despite 
screening of the midline or lateral tilt of the 
portals the side scatter is an important 
contributing factor to the rectal and 
bladder doses. 

2. Due to the very steep gradient of dos- 
age rates in intracavitary radium therapy, 
rectal and bladder doses should not be 
taken as absolute values, no matter how 
obtained, either by measurements or calcu- 
lations. Even if the procedure is accurate, 
it must be taken in a semi-quantitative 
way, and will only be significant for a 
particular radium technique and its com- 
bination with external irradiation. It does 
not apply to any other radiation technique 
and cannot be extrapolated. It is not suffi- 
cient to state that the bladder receives x 
thousand roentgens, without stating where 
in the bladder and the size of the area re- 
ceiving high doses. The same applies to the 
anterior rectal wall. 

3. The external irradiation is very sig- 
nificant in the development of bladder and 
rectal complications’ and there are in the 
literature no data combining both except 
data pertaining to Point A and B. All the 
information available and reported either 
by calculations or direct measurements is 
pertinent to the radium contribution alone. 

4. There is a lack of detailed reporting 
of what types of complications occur. The 
incidence of reported high dose effects or 
rectal reactions is so high in some series 
that obviously different degrees of reactions 
are included. This renders comparison of 
data almost impossible. 

5. The physical dose reported ranges 
from 3,300 r, to 6,000 r, for the rectum 
and similar discrepancies are noted for the 
bladder. The time factor, both for over-all 
treatment time and exposure time, is often 
not included. 

From this summarization one can con- 
clude that: 

A. There is no evidence of absolute levels 
for the radiation tolerance of the bladder 
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and rectum. One should not set up radium 
techniques based on these figures. 

B. There is a wide margin of dose levels 
within which an increase in the incidence of 
complications will probably occur. These 
levels are only valid for one radium and 
external irradiation technique and one 
method of obtaining the physical data. The 
incidence of complications should not be 
taken by itself alone, but should be cor- 
related with the stage of the cancer and 
the freedom from local residual or recur- 
rent disease. Racial characteristics and 
associated diseases or anatomic anomalies 
must also be considered. If one is dealing 
with early cases, one should be more strict 
with the incidence of bladder and rectal 
complications than if one tries to increase 
the local freedom of recurrence or residual 
disease in the late stages. 

In the hands of experienced clinicians, 
complications are rare in the early cases 
even without the help of dosimetric pro- 
cedures. It is in the late stages of the dis- 
ease that one must deviate from standard 
procedures in order to increase the cure 
rates. Dosimetric procedures are then help- 
ful. These procedures are not only useful in 
the detection of abnormal situations but 
also aid in obtaining a better clinical esti- 
mation of the effectiveness of the radium 
insertion in relation to the shape and extent 
of the disease. They form an incentive for 
the careful evaluation and individualiza- 
tion of the case, similar to the use of the 
Meredith-Stevenson system for radium 
implants which not only determines ac- 
curate tumor doses but helps give a better 
clinical appraisal of the value of the im- 
plant. 


CONCLUSION 


For the past five years, direct measure- 
ments have been undertaken during intra- 
cavitary radium therapy of uterine cancer. 
In addition, calculations of the volume dis- 
tribution in the paracervical and _para- 
metrial areas have been done. These routine 
dosimetric procedures have been found to 
be useful guides in administering treat- 
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ment with the radium system and external 
irradiation technique used in this institu- 
tion. 

In the material reported, the incidence 
of complications has diminished. The cor- 
relation of actual dosages to the bladder 
and rectum with complications shows a 
great margin of tolerance and the impor- 
tance of associated factors. Radium therapy 
should not be set by using theoretic bladder 
and rectum doses as the limiting criteria. 


Gilbert Fletcher, M.D. 

M. D. Anderson Hospital and Tumor Institute 
Section of Radiotherapy 

Houston, Texas 
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APPENDIX 
A SCINTILLATION PROBE FOR THE MEASUREMENT 
OF RADIATION DOSAGE IN BODY CAVITIES 


By R. J. SHALEK, Pu.D., and A. COLE, Pu. D. 


HOUSTON, TEXAS 


SIMPLE and reliable scintillation 

instrument for the measurement of 
radiation dosage in the bladder and rectum 
at the time of gynecologic radium applica- 
tion has been in successful routine use for 
a period of over four years. A similar 
though more complicated instrument has 
been described by Bonebrake and _ co- 
workers.! 

Figure 1 shows a photograph of the in- 
strument and diagram of the probe. The 
light emitted by the anthracene crystal as 
a result of radiation is carried to the I1P28 
photomultiplier by a lucite light pipe; the 
current from the photomultiplier is read 
without discrimination by a vacuum tube 
voltmeter circuit (Fig. 2). Also shown is 
the regulated high voltage supply and the 
bleeder network for the phototube. In order 
to minimize corrections, it is necessary to 
select a photomultiplier tube with high 
sensitivity at low voltages. In addition, the 
12AX7 is selected for balance and low 
grid current on the detector side. Using 
an anthracene crystal of 1.5 mm. radius 
and this circuitry, it is possible to measure 
dose rates of from 1 to 250 mr/hr. 

It has been shown?’ that the wave- 
length response of anthracene to the scat- 
tered y rays of radium is the same as that 
for air-wall ionization chambers, so that 
measurements in scattering media at differ- 


ent distances from radium source can be 
made in roentgens without allowance for 
changes in wavelength. Further, it has been 
concluded that to within the experimental 
error, the position of measurement is at the 
center of the crystal. 

Because of Cerenkov radiation produced 
in the light pipe and current resulting from 
the direct action of radiation on the photo- 
tube, it is necessary to reduce the observed 
reading from 4 to 10 per cent in the gyne- 
cologic measurements. These corrections 
have been determined experimentally for 
each instrument with several typical radi- 
um and anatomic geometries by making 
measurements with a complete probe, with 
no crystal, and with no crystal and light 
pipe. In the gynecologic situation it was 
found that direct radiation to the photo- 
tube and light originating in the light guide 
contribute about equally to the measure- 
ment error. In clinical use a fixed correc- 
tion is applied for a given depth of measure- 
ment. The corrections are valid to within 
5 per cent of the total value in all cases and 
the over-all accuracy of measurement after 
correction is from 5 to 10 per cent in clinical 
use and better than 5 per cent in laboratory 
use. With an internally polished metal light 
guide and pulse discrimination in the in- 
put circuit, the need for corrections can be 
reduced. However, because the present 
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CHROME PLATED TUBE, Smm OD. 
centimeter markings 


A, ALUMINUM CAP 
/\ 
LUCITE LIGHTGUIDE 
SPONGE 
Z THREE CENTERING DENTS 
A HEMISPHERICAL ANTHRACENE CRYSTAL, 1.5mm radius, 
; with a lucite cap, cotton reflector. 
‘4 
VOLTAGE DIVIDER 
“O" RING SEAL SUBCALIBRATOR Two Img. radium 
for waterproofing sources on either side of the hole 


that admits the end of the probe. 


ALUMINUM CASE 


RUBBER HOSE 


: 10 cm. 
for waterproofing 


2 CONDUCTOR SHIELDED CABLE 


Fic. 1. Photograph of the scintillation probe with the vacuum tube voltmeter 
and a schematic drawing of the scintillation probe. 
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Fic. 2. Schematic wiring diagram of the high voltage power supply, scintillation 
probe, and vacuum tube voltmeter. 
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instrument has given sufficient accuracy 
with considerable reliability and stability, 
further elaboration has not been thought 
necessary. 


Department of Physics 

The University of Texas 

M. D. Anderson Hospital and Tumor Institute 
Houston, Texas 
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RESPONSE OF RADIATION PNEUMONITIS 
TO ADRENOCORTICOIDS 


By PHILIP RUBIN, M.D., J. ROBERT ANDREWS, M.D., D.Sc.(Meb.), 
RICHARD PATON, M.D., and ARNOLD FLICK, M.D.* 


BETHESDA, MARYLAND 


5 in pathology of radiation reactions in 
lung as described by Shields Warren" 
consists of three stages. The acute stage is 
characterized by edema, lymphectasis, con- 
gestion, minimal inflammatory cell infiltra- 
tion, and changes in tracheal and bronchial 
epithelium. As the reaction passes through 
the subacute phase, diminished alveolar 
spaces due to cellular proliferation with 
resultant thickening of alevolar walls, filling 
of alveoli with macrophages, and formation 
of hyaline membranes bedome apparent 
microscopically. Late changes are patchy 
atelectasis, perivascular fibrosis and pleural 
adhesions. 

Since its discovery, cortisone has been 
useful in suppressing a wide variety of in- 
flammatory lesions, some of which are 
pathologically similar to the aforemen- 
tioned pulmonary changes following irradi- 
ation. The application of steroids in the 
treatment of radiation pneumonitis and 
fibrosis has been actively 12.15 
The lack of uniform results in the literature, 
which in a measure has been encouraging, 
suggests that this approach is worthy of 
continued investigation. 


REVIEW OF LITERATURE 


Experiments to evaluate the efficacy of 
cortisone in the radiation pneumonitis of 
rats have been performed by Brown.’ 
Following irradiation of one lung to 3,000 r 
in one exposure, the effects of various 
schedules of cortisone given prior to and 
after irradiation were studied. Cortisone 
neither consistently increased survival nor 
uniformly protected animals from atelecta- 
sis and fibrosis. In some of the cortisone 
treated animals, histologic examination of 
the lung ninety days after irradiation 


was similar to the unirradiated control 
lung except for mild generalized atrophy of 
all cellular elements. It is possible that 
lower and fractionated doses of irradiation 
comparable to clinical radiotherapeutic 
situations might make protective effects of 
cortisone more apparent. 

To date, the clinical reports are con- 
flicting and have ranged from undue opti- 
mism to considerable pessimism. The sever- 
ity of the radiation reaction in lungs in- 
volves a multiplicity of factors and careful 
analysis is necessary before accurate eval- 
uation of any therapeutic agent can be 
attempted. In Table 1, the cases in the 
literature are divided according to the 
time of cortisone therapy relative to the 
course of irradiation and to the onset of 
radiation pneumonitis. The response to 
cortisone has been separated into sympto- 
matic and objective improvement. It js 
apparent that the numbers are too small in 
any group to provide definite answers, but 
some assessment of results is warranted. 

In Plan A, the prophylactic approach 
has been tried. The early report of Frieden- 
berg and Rubenfeld® in 1954 sounded a 
very encouraging note. Of the 7 cases in 
their series, none developed radiation 
changes, but the followup period of three 
months in inadequate. Chu, Nickson and 
Uzel® repeated this plan in 7 of their pa- 
tients with little success, as all their cases 
developed findings compatible with radia- 
tion pneumonitis. 

Continuous use of cortisone during the 
latent period from the completion of radia- 
tion therapy to the onset of radiation 
changes, Plan B, proved to be effective in 
only 2 cases. This also falls into the pro- 
phylactic category and was the most suc- 


* Department of Health, Education, and Welfare, Public Health Service, National Institutes of Health, National Cancer Institute, 


Radiation Branch, Bethesda, Maryland. 
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TABLE I 


ADMINISTRATION OF CORTISONE 


COSGRIFF BLUESTEIN FRIEDENBERE wiCKSOn 


IN RADIATION REACTIONS IN LUNG 


CHU WHITFIELD STORE 
bono SCHWARTZ PRESERT 


ano and ano AND ano ano SERIES ToTaL 
PROPHYLACTIC (1951) (1953) (1984) (1956) (1984) (1888) 
Ss 7 3 10 
te) 7 
Plan B: During /otent period T 3 \ 4 
2 
THERAPEUTIC 
Plan C: With onset of rad pn. T 4 9 
Pilon D:Affer onset of rad pn. 7 2 3 13 
+O \ 0 2 


GHEE Course of radiation therapy 
EEEEI Course of cortisone therapy 


Radiation reaction in lung 


cessful single use of cortisone to control the 
subjective and objective findings in the 
Memorial Hospital series, 7.e., their Case 

The therapeutic utilization of cortisone is 
embodied in Plans C and D. The responses 
are most consistent and striking with ad- 
ministration of cortisone immediately at 
the onset of the acute stage. The more de- 
layed the use of the steroids, the less 
efficacious and lasting was the response. 
This may be related to the formation of in- 
terstitial pulmonary fibrosis which is essen- 
tially an irreversible event. Many of these 
cases are complicated by the recurrence of 
previously irradiated neoplasm, usually 
primary or metastatic cancer or lymphoma 
of lung. Insufficient autopsy evidence in 
many series suggests that conclusions were 
in part speculative and based on roent- 
genographic findings which could be at- 
tributed to combinations of the different 
processes mentioned. When cortisone was 
administered with the patient in extremis, 
it was generally ineffective. 


PRESENT SERIES 


With the advent of rotational super- 
voltage irradiation, higher doses can be 
delivered to internal sites without evidence 


Total na of patients = 38 
Subjective response = 24 
Objective response = 12 


of the usual limitations posed by the skin. 
In the absence of limiting skin changes one 
must be aware of possible damage to deeper 
structures in the area of the neoplasm. Our 
experience in treating esophageal carcinoma 
with large doses of irradiation by this 
modality has resulted in a high incidence of 
radiation pneumonitis. In analyzing our 
series (Table 11), the large volume of lung 
incorporated in the treatment field is noted. 
Of interest in the present report are the 2 
cases in which cortisone was employed. 


REPORT OF CASES 


Case 1. C. B. This sixty-six year old white 
male was found at thoracotomy in October, 
1956, to have extensive carcinoma involving 
almost the full length of the thoracid esophagus 
and invading the left hilar and mediastinal 
lymph nodes (Fig. 1). One week after the com- 
pletion of a course of irradiation of 8,000 r in 
eighty days delivered by 2 mev. rotational 
therapy, the patient was admitted in acute 
respiratory distress with chills and fever (Fig. 
2). Physical examination showed emphysema, 
scattered coarse rales, dry cough, and no sug- 
gestion of an extrapulmonary source of fever. 
Chest roentgenograms on admission were un- 
changed from pre-irradiation films (Fig. 34). 
The white blood cell count was 3,800 with 78 
per cent polymorphonuclears. Sputum cultures 
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Fic. 1. Case 1 (C. B.). Patient is a sixty-six year old male with extensive carcinoma involving most of the 
thoracic esophagus. (4) October 25, 1956. Roentgenogram prior to treatment. (B) February 12, 1957. 
Normal appearing esophagus after delivering 8,000 r in eighty days. At postmortem examination no 


evidence of tumor was found. 


were negative and the patient showed no re- 
sponse to 2 gm. of tetracycline daily for five 
days. Repeat roentgenograms three days after 
admission showed increased infiltration in both 
lung fields radiating from the hilar areas com- 
patible with radiation pneumonitis (Fig. 3B). 

Prednisone, 75 mg. daily was started and an 
immediate and dramatic response was seen 
with a return to normal temperature in twelve 
hours, a rapid decrease in cough, dyspnea and 
clearing of rales. This was followed by rapid 
clearing of the infiltration in three days as 
evidenced roentgenographically. The patient 


did well for two to three weeks but gradually 
increasing dyspnea ensued as the dosage was 
lowered. Because of this, prednisone was in- 
creased to a daily dose of 160 mg. with equivocal 
response. One week prior to death the patient 
required oxygen which afforded temporary 
relief of dyspnea. Terminally, he was main- 
tained on large doses of intravenous hydrocor- 
tisone, 600 mg. daily, with no beneficial effect. 
The patient died of anoxia on March 8, 1957, 
seven weeks after the completion of roentgen 
therapy. 

At postmortem examination the left lung 
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C.B. 
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PERATURE” 
Achro.2Gm. Achro.2 Gm. Erythro. 2Gm. 


oxygen tent 
RESPIRATORY 4" 
DISTRESS = 


PULM. 
INFILTRATION 2°F 


Radiotherapy 
2 weeks after completed course of 10,000r 


JAN FEB MAR 
Fic. 2. Case 1 (C. B.). Hospital course. Steroids 
effected an initial dramatic but temporary re- 
mission in signs and symptoms but failed to alter 
the ultimate course despite the high maintenance 
dose employed. 


weighed 750 gm., the right 810 gm. Only the 
peripheral portion of each lung contained air 
and was crepitant. The central portions were 
atelectatic and firm to palpation. The cut 
surface showed marked central congestion and 
there were a few fibrous pleural adhesions pos- 
teriorly. The major vessels and bronchi ap- 
peared normal. The esophagus, mediastinum, 
and hilar structures were free of tumor. Micro- 
scopic sections showed severe radiation pneu- 
monitis and acute bronchopneumonia. 


Comment. In this patient with pre-exist- 
ing lung disease and very extensive car- 
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cinoma of the thoracic esophagus, a tumor 
dose of 8,000 r in eighty days, which by 
necessity included a great volume of lung, 
resulted in severe and extensive radiation 
pneumonia. Adrenal steroids effected a 
temporary dramatic remission in signs and 
symptoms but failed to alter the ultimate 
course. No evidence of esophageal carci- 
noma was found at postmortem examina- 
tion. 


Case 11. O. C. This seventy-three year old 
colored male was admitted with a diagnosis of 
carcinoma of the mid-esophagus (Fig. 4). He 
had worked for many years as a coal miner and 
had extensive pulmonary fibrosis (probably 
silicosis). Treatment with 2 mev. rotational 
roentgen therapy to a total tumor dose of 
10,000 r over one hundred days was given. In 
October, 1956, mild respiratory distress, coupled 
with minimal roentgen findings of bilateral 
upper lobe infiltration, occurred at the time 
he had received approximately 7,000 r at the 
axis of rotation (Fig. 5). With a tentative 
diagnosis of early radiation pneumonia, 
cortisone was given in an attempt to block 
progression of pulmonary radiation changes. 
Respiratory symptoms decreased on cortisone, 
150 mg. daily, and radiation therapy was com- 
pleted on November 16 (Fig. 6). Attempts to 
reduce cortisone dosage below 100 mg. a day 
were followed by fever and increasing respira- 
tory symptoms. A return of linear infiltration 
was demonstrated roentgenographically. 

Six weeks after beginning cortisone the 


Fic. 3. Case 1 (C. B.). Or set of radiation reaction occurred one week after roentgen therapy. (4) January 24, 
1957. Chest roentgenogram shows minimal change from pretreatment roentgenogram despite spiking 
temperature. (B) January 27, 1957. Three days later parahilar, perimediastinal and lower lobe infiltrates 
are obvious. (C) February 7, 1957. Dramatic response to steroid therapy with clearing of pulmonary 
parenchyma in one week. 
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Fic. 4. Case 11 (O. C.). Patient is a seventy-three year old male with carcinoma of the mid-esophagus and 
pneumoconiosis. (4) July 16, 1956. Roentgenogram prior to treatment. (B) November 28, 1956. Ap- 
pearance of the esophagus after receiving a total tumor dose of 10,000 r in one hundred days. No neoplasm 
was found at autopsy. 


patient had epigastric pain, guaiac positive 
stools and considerable fluid retention. Because 
of the latter, he was changed to prednisone, 40 
mg. daily, with only slight decrease in fluid 
retention. A duodenal ulcer was shown on 
roentgenograms in December. On four occa- 
sions attempts to reduce prednisone dosage 
below 30 mg. daily were followed by increasing 
dyspnea and fever. In spite of increasing 
steroid dosage, respiratory distress gradually 
increased. In late January, 1957, ten weeks 
after beginning steroid therapy, sputum cul- 
tures became positive for an acid fast bacillus, 
not tuberculosis. Recurrent positive cultures 
persisted until death. In tate February, 1957, 
the patient became frankly diabetic with high 
fasting blood glucose levels (200—300 mg. per 
cent). This proved extremely sensitive to in- 


sulin, hypoglycemia following Io units of regu- 
lar insulin. During his last three weeks of life 
dyspnea, anoxia, and disorientation increased, 
and he died of anoxia on March 26, 1957. 

At autopsy each lung weighed 750 gm. The 
lungs were emphysematous and markedly 
anthracotic. There were focal areas of atelec- 
tasis. The esophagus and neighboring struc- 
tures were free of tumor. Microscopically, 
marked fibrosis around vessels, bronchi, and in 
alveolar walls was noted in all sections. The 
alveolar air sacs were enlarged, many of their 
septa were broken, and large coalescent aif 
sacs were seen. The pulmonary fibrosis was 
associated with marked anthracotic and silicotic 
deposits. In a few areas there were fresh 
thrombi in small vessels, and a few alveoli were 
filled with septal macrophages and leukocytes. 
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RESPIRATORY 
DISTRESS 2 


Hydrocortisone |.V.~, 
60 240 


= 


Radiotherapy 


Completed course of 10,000r over 100d 


COMPLICATIONS 


A.EB. infection (not tuberculosis) 


Diabetes 
10 24 7 2! 5 19 2 16 30 13 27 =O 25 
Oct Nov. Dec. Jan. Feb. Mar. 


Fic. 5. Case 1 (O. C.). Hospital course. Although continuous high maintenance steroid dosage suppressed 
the radiation reaction, the complications of prolonged cortisone treatment occurred and added to the 


demise of the patient. 


Comment. This patient with pre-existing 
pulmonary fibrosis did not tolerate the 
added insult of radiation changes in the 
lungs. Continuous high maintenance steroid 
dosage temporarily suppressed the lung 
reaction clinically and roentgenographi- 
cally. Many of the complications of pro- 


longed cortisone therapy are apparent in 
the course of this patient and contributed 
to his demise. No histologic evidence of 
esophageal carcinoma was found. Because 
of the extensive anthracosilicotic changes 
in the lungs, the radiation effects cannot be 
accurately assessed. 


Fic. 6. Case 1 (O. C.). (4) July 25, 1956. Chest roentgenogram prior to irradiation shows changes due to 
pulmonary and pleural fibrosis and emphysema. (B) October 17, 1956. Onset of radiation pneumonitis 
manifested in bilateral upper lobe infiltration, more marked on the right side. (C) November 15, 1956. 
Infiltration cleared on maintenance steroid therapy. 
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DISCUSSION 


Success in the treatment of carcinoma by 
radiation therapy is dependent on a favor- 
able radiotherapeutic index. This may be 
defined as the ratio of the normal tissue 
tolerance dose to the tumoricidal dose of 
radiation in a given situation. 


tissue tolerance dose 
Radiotherapeutic Index = ——— — 
tumoricidal dose 


As the radiotherapeutic index exceeds 
unity, the tumor tends to be radiosensitive; 
if less than unity it may be radioresistant. 
Where possible, this index is improved by 
altering physical factors changing distribu- 
tion of dosage. Since it has been shown in 
this present series that sterilization of ex- 
tensive, inoperable esophageal cancer can 
occur,careful consideration should be given 
to adrenocorticoids as a means of increasing 
normal tissue tolerances and thereby in- 
creasing the radiotherapeutic index. 
Emphasis is placed on pulmonary rather 
than cardiovascular tolerance, since the 
latter has been shown by clinical and post- 
mortem examination in this study to have 
few changes which can be attributed to 
irradiation. In their initial report on radia- 
tion reactions in the heart, Whitfield, Bond 
and Arnott’ noted electrocardiographic 
changes in chest leads V1, V2, V3 and V4 
two to five weeks after the start of roentgen 
therapy. The minimal changes reported 
were T-wave inversion recorded over the 
anterior surface of the right ventricle. More 
recently, Kunkler and Whitfield® reported 
that 1 patient in their series may have died 
from radiation carditis. They suggest that 
when the heart must be given a significant 
dose, electrocardiographic studies may help 
ultimately to define the limits of cardiac 
tolerance to irradiation in practical terms. 
Most of our patients have had serial 
e'ectrocardiograms before, after and 
actually during radiation treatment at 
6,000 r, 8,000 r and 10,000 r. The left 
auricle was in most cases juxta-opposed to 
the esophageal cancer and therefore re- 
ceived the maximal dose. No significant or 
irreversible electrocardiographic changes 
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could be found in our cases. The period of 
observation is noted in Table 11. The only 
changes seen were the development in 1 
patient of a first degree heart block and in 
another a single episode of auricular 
tachycardia early in the course of treat- 
ment. This suggests the possibility of in. 
creased auricular irritability and may re 
flect the high dose concentration in the 
atrium with rotational therapy. Although 
esophageal leads favor detection of any 
changes in electrical activity in the left 
atrium, these were not employed because 
of the inherent risk in repeated passage of 
tubes in esophageal carcinoma. On the 
basis of the 4 autopsied cases in this series, 
including some of the patients receiving 
10,000 r to the auricular wall, pronounced 
changes attributable to irradiation were 
not encountered. In contrast, radiation re- 
actions in lung are severe, and are the 
limiting factor to the delivery of high doses 
to the esophagus in rotational therapy. 

The development of radiation pneumo- 
nitis and its response to cortisone can be 
divided into three main categories: (1) the 
physical factors of radiation therapy, (2) 
the biologic aspects inherent in tissue re- 
sponse and (3) the therapeutic regimen 
employed. 

(1) The Physical Factors of Radiation 
Therapy. The severity of the radiation re- 
action in lungs in many instances can be 
related directly to the physical factors of 
the radiation treatment. These include 
total dosage, the rate of administration, 
and the percentage of the total lung volume 
irradiated. From the reports reviewed, the 
total dosage ranged from 2,000 r to 4,500 
r in two to six weeks. The percentage of 
lung volume usually exceeded so per cent 
of one lung and occasionally, as in rota- 
tional therapy with large fields, incor- 
porated 80 to go per cent of both lungs. 
Despite the numerous cases published in 
the literature, it is impossible to derive an 
exact equation of the aforementioned vari- 
ables which will predict the degree of radia- 
tion changes in each individual case. How- 
ever, the higher the total dosage, the faster 
the rate of administration of irradiation, 
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and the larger the lung volume incor- 
porated, the greater is the likelihood of 
pneumonitis. 

(2) The Biologic Aspects Inherent in 
Tissue Response. The latent period and 
severity of the pneumonitis and fibrosis 
are due in some measure to inherent bio- 
logic factors. Individual variation is shown 
in our series by those cases treated with 
doses and field sizes of similar magnitude. 
There are instances in which no pulmonary 
reaction was observed. In 2 cases acute 
radiation changes occurred during therapy 
(Fig. 6 and 7). In others, there was a delay 


Fic. 8. Case 1v (W. F.). Patient is a seventy-five year old male with a mid-esophagus lesion 10 cm. in length. 
(4) May 17, 1955. Pretreatment roentgenogram. (B) July 8, 1955. Post-treatment roentgenogram showing 
radiating linear infiltration bilaterally corresponding to treatment field. (C) August 1, 1955. Roentgeno- 
gram of the chest exhibiting flare-up of radiation reaction. Postsurgical cardiorespiratory death. Surgical 
specimen of resected esophagus showed no evidence of carcinoma. 
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Fic. 7. Case 1 (C. R.). Patient is an eighty-one year old male with an obstructing lesion in the upper third 

of the esophagus. (4) September 1, 1955. Roentgenogram of the chest prior to treatment. (B) September 
1955. The length of the field which covers the extensive lesion is shown on the chest roentgenogram 
prior to death. The extensive bilateral infiltration occurred at 5,290 r on the fortieth day of treatment and 
was microscopically diagnosed as radiation pneumonitis. 


in the radiation reaction of weeks to months 
(Fig. 3). Interestingly, in Case Iv surgical 
trauma inherent in handling heavily ir- 
radiated thoracic structures may have pre- 
cipitated the acute postoperative lung reac- 
tion. The reaction was most marked in the 
field of irradiation (Fig. 8) and suggested 
pre-existing radiation changes. 

The status of the pulmonary parenchyma 
prior to treatment is another variable. The 
presence of moderately severe emphysema 
in some of the cases herein reported may 
have increased their susceptibility to fur- 
ther lung damage. Those patients with pri- 
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mary and metastatic lung disease are 
rarely controlled and the roentgenographic 
appearance secondary to irradiation may be 
confused with recurrence. 

(3) Therapeutic Regimen of Cortisone 
Employed. The maintenance dose of 100 
mg. daily as advocated by Kendall’ has 
gained general acceptance, although animal 
experiments suggest this therapeutic regi- 
men when employed clinically is inadequate 
to inhibit eventual pulmonary fibrosis. 
Direct translation of the studies of Ragan 
et al." in rabbits indicates 500 mg. daily in 
a 50 kg. man is needed to suppress all con- 
nective tissue formation, whereas 100 mg. 
daily only delays the formation of such 
connection tissue. Although complete sup- 
pression of tissue reaction is the desired 
goal, experience with such massive doses of 
cortisone in prolonged therapy has been 
attended clinically with a forbidding mor- 
bidity. 

Our experience and the published data 
suggest administration is efficacious if 
started with the onset of acute changes. 
Prompt institution of cortisone treatment 
necessitates close observation of these pa- 
tients in whom penumonitis is likely. Fre- 
quently, the clinical presentation and 
roentgenographic study make the diagnosis 
obvious. However, the earliest findings 
may be a spiking temperature with nega- 
tive chest roentgenograms or lack of 
symptoms despite parenchymal infiltration 
roentgenographically. 

In the present study, large doses of 
cortisone, 3cO mg. daily, were employed 
initially and maintained during the acute 
phase of the disease. Usually, there was a 
rapid fall in temperature and i improvement 
in pulmonary symptoms, followed in a few 
days by a regression of infiltrative roent- 
genographic changes. The minimum dose 
was then determined to suppress symp- 
toms. Unfortunately, in our experience, 
symptoms gradually recurred at this dose 
and increasingly larger doses became neces- 
sary to reverse the radiation changes. 
Once this stage is reached the complica- 
tions of large steroid doses may appear as 
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in one of our cases (#.e., peptic ulcer, fluid 
retention, acid-fast infection and diabetes), 
Terminally, large doses of prednisone, 
equivalent to 600 mg. of cortisone, have 
been ineffectual. It is not possible to state 
whether a continuing high therapeutic 
dose for several months regardless of clin- 
ical improvement may not be superior to 
the results herein reviewed. However, such 
prolonged therapy increases the likelihood 
of steroid side-effects. 

The need for reliable parameters to 
gauge the severity of pulmonary radiation 
changes is necessary to evaluate the re- 
sponse to cortisone therapy. Objective pul- 
monary function studies as noted by some 
authors'!> may be of value. Ventilatory 
and gas exchange tests have revealed pat- 
terns in radiation pneumonitis of impair- 
ment of alveolar-capillary oxygen diffusion 
characterized by hyperventilation, low 
arterial pCO, reduced oxygen consump- 
tion with exercise, and increased dead 
space measurements. Similar studies prior 
to and after the completion of radiation 
therapy may be of value in predicting pul- 
monary injury before the obvious symp- 
tomatology occurs. The value of such 
studies is worth investigation. 

In conclusion, the status of cortisone 
therapy in radiation pneumonitis remains 
uncertain. This is reflected in the answers 
to a questionnaire sent to various authors 
in an attempt to analyze current thinking 
on this subject (Table m1). Briefly, adreno- 
corticoids appear to be beneficial during the 
acute phase. This is evidenced by symp- 
tomatic improvement, defervescence, in- 
creased exercise tolerance, and clearing of 
pulmonary infiltrations on chest roentgeno- 
grams. Unfortunately, subacute and chron- 
ic changes may occur despite suppression 
of the acute stage with continued steroid 
therapy. Similar progression despite ster- 
oids occurs in Boeck’s sarcoid, berylliosis, 
and other chronic lung diseases.*:*:*"' This 
suggests that the eventual outcome of the 
disease may not be altered, and cortisone in 
the clinical dosage employed can only tem- 
porarily inhibit the radiation reaction and 
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es), In an attempt to establish the present status of the use of steroids in the treatment of radiation pneumonitis, 
ne the followirg simple questionnaire was sent to several authors. 
‘ 1. Are you presently using cortisone routinely in the treatment of radiation pneumonitis? 
= 2. If so, do you use it prophylactically or therapeutically? If not, why have you discontinued it? 
fate 3. What maintenance dosage is generally employed? 
utic 4. What are your followup results? 
lin- The responses are briefly summarized as follows: 

uch 3 4 
Dod Kligerman Yes | Therapeutically Varies, generally 15 | Cortisone will not reverse changes 

| mg. metacorten due to fibrosis. May help gaseous 
to | (equiv. 45 mg. cor- | change 
ion tisone) 
re- 

Rubenfeld No | Complications of acute | Previously 100 mg. | Only employed when the degree of 
be: fatal massive hemor- | cortisone reaction is severe and symptom-pro- 
me rhage in two instances ducing, in an attempt to arrest it 
Ory 
at. Nickson No Ineffective Previously 100 mg. | Does not prevent or alter course of 
‘ir cortisone radiation pneumonitis 
- Whitfield Yes | Therapeutically 100 mg. cortisone Will reverse acute stage in some cases 
OW 
1p- Stone No_ | Ineffective Varies Does not alter course 
‘ad 
lor 
i; eventual fibrosis. It may be of most benefit REFERENCES 
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COMMON ELECTROLYTE DISTURBANCES IN THE 
RADIATION THERAPY PATIENT* 


Py HARRY N. BANE,? ARVIN S. GLICKSMAN, and JAMES J. NICKSON 
NEW YORK, NEW YORK 


LECTROLYTE imbalances may occur 

in patients undergoing radiation ther- 
apy. It is the purpose of this paper to sum- 
marize the conditions most commonly seen 
in the patients receiving radiation therapy 
at the Memorial Center for Cancer and Al- 
lied Diseases. These electrolyte imbalances 
are of two major types: first are those im- 
balances which may be induced by the side 
effects of radiation therapy such as vomit- 
ing, anorexia, and diarrhea; second are 
those electrolyte imbalances which are fre- 
quently associated with the types of malig- 
nant disease often treated with radiation. 
The etiology of the syndromes will be dis- 
cussed and illustrations of chemical findings 
in the plasma and urine will be given. No 
attempt will be made to give a detailed dis- 
cussion of the physiology involved in the 
production of these biochemical alterations 
nor of the renal and pulmonary methods for 
compensation. 

Acidosis and alkalosis from electrolyte 
imbalance are defined in terms of the alter- 
ation of the plasma pH.” The normal ex- 
tracellular pH is maintained at 7.40 +0.02 
at 37°C. by renal and pulmonary means 
and by chemical buffer systems in the plas- 
ma of which the bicarbonate is the most 
important. Therefore, the plasma CO. re- 
flects the pH and is the most readily ob- 
tainable measure of acid-base imbalance. 
The first problem in establishing an elec- 
trolyte diagnosis is to determine whether 
the condition is an acidosis or an alkalosis. 
Table 1 shows the relationship between pH 
and CO, in the four basic forms of acid-base 
imbalance.!? In both respiratory and meta- 
bolic alkalosis, the plasma pH is above 
7.40; however, in the former the CQ: is 
below 26 mEq/L, and in the latter it is 


above 26 mEq/L. The pH is below 7.40 in 
both respiratory acidosis and metabolic 
acidosis, but in these syndromes the CO; is 
elevated in the case of respiratory acidosis 
and decreased in the case of metabolic acido- 
sis. By means of other electrolyte determi- 
nations, the clinical history, and the phys- 
ical findings, it is possible to determine the 
primary physiologic defect and to establish 
the diagnosis. 


GROUP I. ELECTROLYTE DISTURBANCES 
SECONDARY TO IRRADIATION 


Hypochloremic alkalosis, potassium de- 
pletion alkalosis, and hyperchloremic acid- 
osis are the common electrolyte imbalances 
resulting from the indirect effects of radia- 
tion therapy. It should be emphasized that 
these syndromes are not produced directly 
by the radiation but are secondary to its 
side effects, and that all these conditions 
are seen in association with other patho- 
logic changes. 

Hypochloremic Alkalosis. Hypochloremic 
alkalosis results from prolonged vomiting or 
gastric drainage.*® Table 11 shows the 
plasma chemistries in this situation. The 


Taste | 


BIOCHEMICAL CHANGES IN THE FOUR BASIC TYPES OF 
ELECTROLYTE IMBALANCES 


Metabolic 
Alkalosis 


Respiratory 
| Acidosis 
CO; | 
26 mEq/L 
| Metabolic 
Acidosis 


Respiratory 
Alkalosis 


7.40 


pH —> 


* The Division of Biophysics of the Sloan Kettering Institute and the Departments of Radiation Therapy and Medicine of the 
Memorial Hospital, New York, New York. Presented at the Thirty-ninth Annual Meeting of the American Radium Society, Quebec 


City, Quebec, Canada, May 29-June 1, 1957. 
t Kiess Fellow in Radiobiology. 
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TaBLe II 


TYPICAL PLASMA CHEMISTRIES AND THE DIRECTION OF 
A CHANGE FROM NORMAL IN HYPOCHLOREMIC 
ALKALOSIS 


H ypechloremic . Alkalosis 


‘Naat Alkalosie Change 

pH 7-50 
CO, 26 34 tT 
100 82 | 

Na 140 138 + 
4.0 = 

Het 45 47 t 
3.0 4.0 tT 

Urinary pH > 


chloride is low when the alkalosis is first de- 
tected, usually in the range of 80-90 mEq 
/; however, in one case the chloride was as 
low as 65 mEq/L. The plasma concentra- 
tion may not reflect the total chloride defi- 
cit because of dehydration from water loss. 
This dehydration will usually be reflected 
in an elevation of the hematocrit and total 
protein. The total plasma CO, is elevated 
above 30 mEq/L and is the best indication 
of the severity of the alkalosis that is avail- 
able in most laboratories. The plasma pH is 
elevated and is usually in the range of 7.45 
to 7.55. Little change is seen in the plasma 
sodium concentration although the total 
body sodium may be depleted, but this is 
masked by the water loss. 

In hypcchloremic alkalosis there is 
marked urinary excretion of bicarbonate 
and the pH of a fresh sample of urine will 
be alkaline.* This finding is important in 
the differential diagnosis between hypo- 
chloremic alkalosis and potassium deple- 
tion alkalosis. 

The water loss associated with vomiting 
or gastric drainage results in marked de- 
hydration with poor tissue turgor and dry- 
ness of the mucous membranes. The severi- 
ty of the hypochloremia and alkalosis de- 
pends on the acidity of the gastric contents, 


* It should be kept in mind that urinary tract infections may 
result in an alkaline urine from NH, production by urea splitting 
bacteria. 
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TABLE III 


TYPICAL PLASMA CHEMISTRIES AND THE DIREC- 
TION OF A CHANGE FROM NORMAL IN 
POTASSIUM DEPLETION ALKALOSIS 


Alkalosis 


Alkalosis Chanel 
pH 7.40 7.50 
CO; 26 34 qT 
Cl 100 85 | 
Na 140 135 
kK 4.0 +] 
Het 45 43 { 
P 3.0 2.7 | 
Urinary pH < + 


and hence it is apt to be more pronounced 
in the young patients than in older patients 
who may have achlorhydria. 

Treatment consists of chloride replace- 
ment. In almost all cases this can be 
achieved by the administration of isotonic 
NaCl. As dehydration and a total body 
sodium depletion are both present, sodium 
and water are needed also. Any excess 
sodium which is administered will be ex- 
creted by the kidney. In extreme cases of 
hypechloremic alkalosis, 60 mEq/L of am- 
monium chloride may be given, but as will 
be discussed below this is potentially dan- 
gerous in the presence of any liver disease, 
and so should be avoided, if possible, in the 
cancer patient, especially if the integrity of 
liver function is not known. 

Potassium Depletion Alkalosis. Potas- 
sium depletion alkalosis (hypokalemia®:’)t 
most commonly results from inanition and 
in general is the most frequent electrolyte 
abnormality seen in the cancer patient. 
Table 111 shows the plasma chemistries 
associated with a potassium deficiency 
alkalosis. In potassium depletion alkalosis 
from any cause, the total potassium defi- 
ciency of the body may be several hundred 
milliequivalents, and yet the plasma potas- 


+ Potassium depletion alkalosis is most commonly called 
“hypokalemia.” This term has not been used by these authors 
since an alkalosis may exist from a low total body potassium 
without an abnormally low potassium concentration in the 
plasma which is the usual fluid available for biochemical biopsy. 
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sium concentration can be in the normal 
range but usually it is in the low normal 
range, and in severe cases it may be below 
3.0 mEq/L, and since most of the potassi- 
um in the body is intracellular, there may 
be a profound drop in the total body po- 
tassium with little alteration in the plasma 
concentration. The plasma sodium is essen- 
tially unchanged and the chloride concen- 
tration may be lowered to 80-g0 mEq/L by 
dilution from the expansion of the extra- 
cellular fluid which occurs in potassium 
deficiency. The pH rises to the 7.45 to 7.55 
range, the CO, is elevated and the hemato- 
crit is lowered. 

With intracellular depletion of potas- 
sium, renal reabsorption of bicarbonate 
increases so that all the bicarbonate that is 
filtered at the glomerulus is reabsorbed, 
which leads to an increase in the plasma 
levels of CO, and of importance clinically, 
an acid urine. As was mentioned previously, 
in hypochloremic alkalosis the urine is 
alkaline. 

It is evident that the plasma chemistries 
in hypochloremic alkalosis and in potassium 
depletion alkalosis are similar, making the 
differential diagnosis difficult. Table Iv 
shows the similarity and differences in the 
chemical findings; the most distinctive 
difference is the alkaline urine in hypo- 


TABLE IV 


COMPARISON OF THE PLASMA AND URINARY FINDINGS 
IN HYPOCHLOREMIC ALKALOSIS AND IN POTAS- 
SIUM DEPLETION ALKALOSIS 


Plasma Chemistries 


Fiypo- 


chloremic Depletion 

Alkalosis Alkalosis 
pH 4 
CO, t t 
Cl | | 
Na + + 

K = +to | 
| 
+ 
Urinary pH | 
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chloremia and the acid urine in potassium 
depletion alkalosis. In addition to the bio- 
chemical differences in these two situa- 
tions, certain clinical findings are useful in 
establishing the differential diagnosis. The 
history of patients with potassium deple- 
tion alkalosis will show an inadequate in- 
take of potassium over a period of a week or 
more. These patients will also show lethargy 
and decreased reflexes. The expansion of 
the extracellular fluid in this syndrome re- 
sults in good skin turgor in distinction to 
the dehydration seen in hypochloremic 
alkalosis. Both hypochloremic alkalosis and 
potassium depletion alkalosis produce 
changes in the electrocardiogram.’? These 
are not specific for electrolyte imbalances 
but are characteristic of both alkalosis and 
intracellular potassium deficiency; and 
hence these changes are useful in confirm- 
ing the diagnosis of alkalosis but not in 
establishing the origin of the alkalosis. In 
alkalosis the electrocardiogram shows 
tachycardia and flattening of the T-wave. 
Potassium depletion alkalosis results in 
mental changes which are vague in nature 
and may on occasion resemble those pro- 
duced by intracranial lesions. 

Potassium depletion alkalosis must be 
treated by adequate potassium administra- 
tion, either orally or by the addition of 40 
mEq of KCI to each liter of parenteral fluid. 
Daily losses of potassium should be re- 
placed, and as much as 120 mEq of potas- 
sium per day may be required to correct the 
total body potassium deficit which pro- 
duced the alkalosis. 

Hypochloremic alkalosis may develop in- 
toa potassium depletion alkalosis and this 
is an ominous situation. This change is 
occasioned by three factors: inadequate in- 
take of potassium in the face of persistent 
vomiting; gastric loss of potassium as well 
as chloride; and the association of a large 
potassium loss with the urinary excretion 
of bicarbonate in hypochloremia. 

In the combined situation of a potassium 
depletion alkalosis superimposed on a hypo- 
chloremic alkalosis, the clinical signs will be 
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TABLe V 


TYPICAL PLASMA CHEMISTRIES AND THE DIRECTION OF 
CHANGE FROM NORMAL IN HYPERCHLOREMIC 
ACIDOSIS 


Hyperchloremic Acidosis 


Normal 


Acidosis Change 
pH 7.40 7.2 | 
CO, 26 11 | 
Cl 100 117 T 
Na 140 145 a 
K 4.0 9.5 | 
Het 45 48 t 
P 3.0 4.0 T 


those of dehydration from the vomiting 
with the mental changes and lethargy of 
the potassium deficit. Therapy must be 
directed at water, chloride and potassium 
replacement. 

Acidosis Due to Diarrhea. Diarrhea, 
whether induced by radiation or other 
causes, results in dehydration and a meta- 
bolic acidosis.* Stool losses of sodium and 
bicarbonate are greater than the losses of 
chloride, and as shown in Table v the 
plasma changes are those of hyperchloremic 
acidosis and dehydration. Dehydration also 
contributes to the acidosis through renal 
mechanisms. Dehydration results in a de- 
creased blood volume and hence a decreased 
renal blood flow which causes a drop in 
glomerular filtration rate. This decrease in 
filtration produces an increased reabsorp- 
tion of sulfate, phosphate and other acid 
ions. The chloride is elevated and is usually 
11§ to 120 mEq/L. The CO; is low and in 
severe cases of diarrhea may be below 10 
mEq/L; the degree of change in the CO, 
is the best measurement of the severity of 
the syndrome. The phosphorus, hematocrit 
and total protein will be elevated. The 
protein may be low if the liquid stools con- 
tain large amounts of mucus. In spite of 
large sodium losses, the plasma concentra- 
tion of sodium will be relatively unchanged 
because of simultaneous water loss. 

Therapy consists of efforts to stop the 
diarrhea, water replacement, and correc- 
tion of the acidosis by the oral or parenteral 
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administration of sodium bicarbonate. Up 
to 130 mEq of sodium bicarbonate may be 
added to a liter of fluid if the infusion is 
given slowly; however, since dehydration is 
prominent in this syndrome, several liters 
of fluid can be administered containing 
44-50 mEq of bicarbonate in each. The CO, 
also may be increased by the administra- 
tion of one-sixth-molar lactate if liver func- 
tion is adequate. Initially the administra- 
tion of NaCl should be avoided because of 
hyperchloremia, but as re-hydration occurs 
NaCl may be needed. 

Since about half of the bicarbonate deficit 
is intracellular, it may be necessary to give 
large amounts of bicarbonate over a period 
of several days. Frequently, plasma calcium 
levels may be depressed and calcium gluco- 
nate may be administered; however, it is 
important not to add calcium to any infu- 
sion containing bicarbonate as insoluble 
calcium carbonate is formed. 

Patients who have prolonged diarrhea 
may have a total body potassium deficit 
from stool losses and inadequate intake 
even though the plasma potassium concen- 
tration is normal. ‘As_ rehydration is 
achieved, symptoms of potassium deple- 
tion may develop and a hypokalemia may 
be seen biochemically, and KCI should be 
prescribed. The electrocardiogram is useful 
in determining the appropriate time for 
potassium administration. 


GROUP II. COMMON ELECTROLYTE DIS- 
TURBANCES DUE TO MALIGNANT 
DISEASE 


A second group of syndromes is fre- 
quently seen by radiation therapists which 
are not caused by the radiation therapy, 
but result from the natural course of the 
disease. 

Adrenal Insufficiency. Patients who are 
initially adrenocortically stable can go into 
the acidosis and hyperkalemia of adrenal 
insufficiency when subjected to the stress 
of irradiation, and this is especially true of 
patients with advanced cancer. The addi- 
tional stress of radiation therapy may re- 
sult in adrenal exhaustion. After adrenal- 
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ectomy and hypophysectomy, the stress 
from radiation therapy may be sufficiently 
great that the usual maintenance dose of 
cortisone is inadequate to prevent an ad- 
renal crisis, and the dosage often needs to 
be increased. 

Diabetic Acidosis. Altered carbohydrate 
metabolism ranging from subclinical to 
frank diabetes occurs in about 35 per cent 
of all patients with cancer, and in endo- 
metrial carcinoma the incidence is between 
60 and 70 per cent.’ Inadequate carbo- 
hydrate intake, resulting from radiation in- 
duced nausea and vomiting, may produce 
insulin shock in diabetic patients who are 
receiving their usual amounts of insulin. 
Some patients, however, realizing their in- 
adequate intake, stop their insulin therapy. 
Frequently, the alterations in carbohydrate 
metabolism in the cancer patient are mini- 
mal and are controlled by diet alone. In 
both instances ketosis frequently occurs 
during radiation therapy, and if not con- 
trolled, severe acidosis may result, requiring 
treatment with bicarbonate and fructose, or 
with bicarbonate and glucose and insulin.® 

Patients with diabetic acidosis and 
adrenal insufficiency exhibit a hyperkale- 
mia; however, both syndromes are fre- 
quently associated with a total body potas- 
sium deficit from renal losses of this ion 
and from inadequate intake. As the acidosis 
and dehydration are corrected, hypo- 
kalemia and a potassium depletion alkalosis 
may develop and careful attention should 
be paid to this possibility. This is similar 
to the situation in the acidosis due to 
diarrhea, and again the electrocardio- 
gram is helpful in determining the time for 
potassium therapy. 

Renal Shutdown. One of the most fre- 
quent complications of advanced carcinoma 
of the cervix and other pelvic cancers is 
renal shutdown. In some cases adequate 
supportive therapy will allow enough time 
so that an obstructive lesion can be relieved 
by radiation therapy or by-passed by ne- 
phrostomy. Table vi shows the typical 
plasma findings. The two most significant 
findings are an elevated potassium and an 
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VI 


TYPICAL PLASMA CHEMISTRIES AND THE DIRECTION OF 
CHANGE FROM NORMAL IN RENAL SHUTDOWN 


Renal Shutdown 


Normal Acidosis Change 
pH 7-40 7-25 
CO, 26 II 
Cl 100 go | 
Na 140 135 + 
K 4.0 7.0 T 
Het 45 41 
P 3.0 7.0 T 
BUN 7 150 T 


acidosis which is reflected in the decreased 
pH and CO:. The acidosis is produced by 
increased phosphorus and other acid end 
products of metabolism which are normally 
excreted by the kidney. The low chloride 
and hematocrit reflect the dilution by shifts 
of intracellular water or inadvertent over- 
hydration.!° 

Therapy must be directed at prevention 
of the breakdown of acid forming catabo- 
lites and correction of the acidosis and the 
hyperkalemia. A protein free, low phos- 
phorus diet is prescribed since one of the 
invading acid ions is phorphorus. Amphojel 
is given to bind phosphorus secreted by the 
gastrointestinal tract. The caloric content 
of the diet should be high to prevent break- 
down of protein and the subsequent release 
of potassium and phosphorus. Fluids should 
be limited to 800 cc. per day plus the equiv- 
alent of the urinary output. The same con- 
siderations apply to parenteral feeding 
where 20 per cent glucose can be used. No 
effort should be made to return the CO, to 
normal, but it should be kept near 15 
mEq/L. To maintain the CO, at normal 
throughout the course of renal shutdown 
may require the administration of enough 
sodium along with the requisite bicarbonate 
to expand the extracellular fluid to the 
point that pulmonary edema may result. 

As in potassium depletion alkalosis, the 
plasma levels of potassium are not a reliable 
guide to potassium toxicity. Severe cardiac 
toxicity may be evidenced at plasma levels 
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of 6.0 mEq/L in some patients and may be 
absent at levels of 8.0 mEq/L in other pa- 
tients. The electrocardiogram is the best 
criterion of potassium toxicity. The pro- 
gressive changes in the electrocardiogram 
are: first, peaking of the T-waves and 
bradycardia; second, loss of the P-waves; 
third, a spread of the QRS complex; and 
terminally, a sinewave tracing. 

The hyperkalemia may be treated with 
exchange resins, given orally or by enema. 
In the absence of liver disease, NH, ex- 
change resins are preferable. Otherwise, 
hydrogen exchange resins may be used and 
if this is not possible, 10-15 units of regular 
insulin may be added to the glucose infu- 
sion. This has the effect of temporarily driv- 
ing potassium intracellularly; however, the 
effect is only transient and lasts about four 
hours. The acidosis causes a hypocalcemia 
which enhances the cardiac toxicity of 
hyperkalemia so that intravenous calcium 
gluconate should be given to maintain the 
the calcium within normal limits. If these 
conservative measures fail artificial hemo- 
dialysis may be considered. 

Hepatic Insufficiency. The treatment of 
liver metastases with supervoltage therapy 
has drawn attention to the electrolyte 
abnormalities associated with hepatic 
coma. The inability of the liver to detoxify 
ammonia is one of the primary facets of this 
syndrome."* Ammonia is a stimulant to the 
respiratory center and hyperventilation re- 
sults;!! however, frequently this is difficult 
to recognize clinically. The resulting plasma 
chemistries are shown in Table vii and are 
typical of any respiratory alkalosis (a syn- 
drome that also may be seen in hysteria, 
cerebral vascular accidents and with intra- 
cranial metastases). Frequently, the pH is 
elevated to quite high levels. The CO; is low 
due to the respiratory loss of excessive 
amounts of 

The sodium and phosphorus are low, 
especially the latter. In the early stages of 
respiratory alkalosis, the plasma chemis- 
tries may show only minimal alterations 
with the exception of the plasma pH, which 
becomes elevated rapidly. At this stage 
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Taste VII 
ELECTROLYTE ALTERATIONS IN HEPATIC DECOMPENSA- 
TION; OTHER LIVER TESTS WILL BE ABNORMAL 
Hepatic I nsufficiency 
Normal Change 
pH 7.40 7.50 
CO; 26 20 | 
Cl 100 100 + 
Na 140 130 J 
kK 4.0 3.5 + to | 
NH, 2507% 
P 3.0 2.0 | 


clinical diagnosis may be more reliable than 
the chemical changes. Clinical findings con- 
sist of hyperventilation and neurologic 
abnormalities which are characteristically 
shifting and transitory in nature. These 
may be either hypo- or hyperactive deep 
tendon reflexes, clonus, painful plantar re- 
flexes, and often, though not always, the 
characteristic flapping tremor of the hands. 

The majority of the ammonia comes 
from ammonia producing organisms in the 
gastrointestinal tract, so that part of the 
therapy is directed at reducing this am- 
monia invasion. This may be done with the 
use of enemas, cathartics, and intestinal 
antibiotics of the tetracycline type. In the 
very early phase 5 per cent CO, and oxygen 
by mask is helpful, but if the total CQ, is 
below 20 mEq/L it is of little value. Sodium 
glutamate is of benefit in some cases. Up 
to 120 gm. may be required during the first 
day and then maintenance doses of 20 to 
40 gm. per day may be used. Vigorous use 
of these supportive therapies may permit 
continuation of radiation therapy to relieve 
the hepatic insufficiency. 


CONCLUSIONS 


The common electrolyte abnormalities in 
patients undergoing radiation therapy have 
been outlined. They are of two types: (1) 
Those which result from the side effects of 
treatment. These are hypochloremic alkalo- 
sis from vomiting, potassium depletion 
alkalosis from inanition, and hyperchlore- 
mic acidosis from diarrhea. (2) Those which 
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frequently occur in the cancer patient. 
These are diabetic acidosis, adrenal in- 
sufficiency, renal shutdown, and hepatic 
coma. The biochemical findings have been 
tabulated and current methods of treat- 
ment discussed. It is felt that the proper 
understanding of these syndromes and their 
management is important in patients re- 
ceiving radiation therapy. If these syn- 
dromes are recognized and treated, the 
original plan of radiation therapy can often 
be completed, when in the past it had to be 
interrupted or abandoned. 


Harry N. Bane 

Memorial Center 

444 East 68th Street 
New York 21, New York 


The investigation of these syndromes has 
been carried out in collaboration with the Phys- 
iology Section of the Division of Experimental 
Surgery of the Sloan-Kettering Institute. The 
authors would like to thank in particular Drs. 
Henry T. Randall, Kathleen E. Roberts, Parker 
Vanamee and J. William Poppell for their many 
helpful discussions. 
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CARCINOMA OF THE FEMALE URETHRA* 


By C. BERNARD BRACK, M.D., and ROBERT J. DICKSON, M.D. 
BALTIMORE, MARYLAND 


ARCINOMA of the female urethra is a 

relatively rare disease. Boivin and 
Dugés! reported the first case in the litera- 
ture in 1833. McGill in 1890 is credited 
with having reported the first case in the 
English literature; however, the lesion 
described by him was very extensive, and 
the origin was uncertain. Venot and Par- 
celier”® reported the first large series of 87 
cases in 1921. Counseller and Paterson® 
collected 124 cases from the literature in 
1933 and added 12 cases of their own. 
The literature was reviewed by McCrea 
in 1952. At that time 546 cases were re- 
corded. Of these cases, 504 were classified 
as carcinomas of various types, 23 cases 
were sarcomas, and 1g melanomas. McCrea 
concluded that this malignant disease is of 
more frequent occurrence in the female 
than in the male; and that the treatment, 
although varied throughout the years, has 
been unsatisfactory. One of the most recent 
papers was that of Fagan and Hertig,® who 
in 1955 reported 8 cases treated at the Free 
Hospital for Women with a 50 per cent ten 
year cure rate. 


PATHOLOGY 


Carcinoma of the female urethra usually 
arises at the urethral meatus from the junc- 
tion between the transitional epithelium 
of the urethra and the stratified squamous 
epithelium of the vulva (Fig. 1). The second 
and less common type arises from the 
mucosa of the upper urethra. Ehrendorfer’ 
named the first type ‘“vulvo-urethral,” 
and the second “urethral.” He believed 
that the second type was the only true car- 
cinoma of the urethra, but the majority of 
writers consider both types to be true 
urethral carcinomas. The vulvo-urethral 
type usually begins as an ulcer at the ure- 
thral meatus. Sometimes it may originate in 


a urethral caruncle. Indeed, the early lesion 
often resembles a caruncle in appearance. 
The disease extends along the mucous 
membrane of the vestibule, so that in the 
later stages it may be indistinguishable 
from carcinoma of the vulva. Extension also 
takes place along the urethral mucosa to- 
ward the sphincter, so that the entire 
urethra may become thickened and 

durated. The less common urethral type of 
carcinoma arises directly from the urethral 
mucosa somewhere above the meatus. 
Often these tumors are papillary in appear- 
ance, and rarely a polypoid structure may 
protrude from the meatus. According to 
Halban and Seitz,!° some of these tumors 
are adenocarcinomas. Indeed, 2 of the 5 
tumors reported by Everett® from this 
department before 1940 were adenocar- 
cinomas. The urethral type of carcinoma 
usually infiltrates the deeper tissue more 
rapidly than the vulvo-urethral type, and 
in our experience the former tumor metas- 
tasizes more rapidly to the inguinal 
lymph nodes. The urethral type of carcino- 


Fic. 1. Carcinoma of urethra, vulvo-urethral type. 


* From the Departments of Gynecology and Radiology, The Johns Hopkins University and Hospital, Baltimore, Maryland. Presented 
at the Thirty-ninth Annual Meeting of the American Radium Society, Quebec City, Quebec, Canada, May 29-June 1, 1957. 
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ma is characterized by diffuse enlargement 
and induration of the urethra, which often 
becomes a rigid tube the size of a human 


Carcinoma of the Female Urethra 


finger or even larger. 


Most carcinomas of the urethra are of the 
squamous cell variety, although Menville 
and Counseller’ described a rare mucoid 
type containing signet-ring cells. One of 
our cases showed a few such cells in some 
areas. Sarcoma of the urethra has also been 
described, and one of the cases in our series, 
Case 11, is of this variety (Table 1). Of the 
14 cases in our series, 8 are of the vulvo- 
urethral type and 6 of the urethral type. 
Eleven were diagnosed microscopically as 


epidermoid carcinoma, one urethral car- 


uncle with malignant degeneration, one 
carcinoma in a polyp (Fig. 2), and the last 
lymphosarcoma. 

It is generally agreed that the vulvo-ure- 
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Fic. 2. Carcinoma arising in a urethral polyp. 


thral type of carcinoma metastasizes pri- 
marily to the inguinal lymph nodes. Fifteen 


such lymph node metastases in 55 cases 


TABLE I 


CARCINOMA OF FEMALE URETHRA 


were reported by Venot and Parcelier,”° and 


Case No. Age (yr.) Pathologic Diagnosis Clinical Type 


Treatment 


Result 


I 62 
2 55 
3 62 
53 
5 61 
6 52 
7 76 
8 59 
9 62 
10 48 
49 
12 67 
13 62 
14 43 


Epidermoid carcinoma 
transitional 

Epidermoid carcinoma 
transitional 

Intra-epithelial carci- 
noma of urethra 

Epidermoid carcinoma 
spinal 

Urethral caruncle with 
malignant degenera- 
tion 

Epidermoid carcinoma 
transitional 

Carcinoma of urethra 


Epidermoid carcinoma 
transitional 

Epidermoid carciroma 
transitional 

Epidermoid carciroma 


Lymphosarcoma 


Carcinoma in polyp 
Epidermoid carcinoma 


Epidermoid carcinoma 


Vulvo- 
urethral 
Urethral 


Vulvo- 
urethral 

Vulvo- 
urethral 

Vulvo- 
urethral 


Urethral 
Urethral 


Vulvo- 
urethral 
Urethral 


Urethral 


Vulvo- 
urethral 
Urethral 
Vulvo- 
urethral 
Vulvo- 
urethral 


Radium, roentgen 
therapy, surgery 
Radium 


Radium, roentgen 
therapy 

Radium, roentgen 
therapy 

Radium, roentgen 
therapy 


Radium, roentgen 
therapy 
Radium, roentgen 
therapy 
Radium, excision 
of caruncle 
Radium, roentgen 
therapy, surgery 
Radium, roentgen 
therapy 
Radium, roentgen 
therapy 
Radium 
Radium, roentgen 
therapy 
Radium, roentgen 
therapy 


Well 143 yr. 

Died “stroke” 8} yr. 

Died 4 yr. chronic 
pyelonephritis 


Died 23 yr. carcinoma 


Died 2 yr. carcinoma 


Well 11 yr. 

Died 4 mo. carcinoma 

Well 93 yr. 

Died 53 yr. pneu- 
monia 

Died 1 yr. carcinoma 


Well 5 yr. 


Well 4 yr. 
Well 23 yr. 


Well 14 yr. 
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Shaw!® found such metastases in about one- 
third of his 100 cases. Two of our 14 cases 
developed inguinal metastases. According 
to Shaw, carcinoma of the female urethra is 
more common in women over 40. The aver- 
age age was $2 years in Counseller and 
Paterson’s series,’ 53.4 years in Venot and 
Parcelier’s series, *° and is 56.4 in our series. 


ETIOLOGY AND SYMPTOMATOLOGY 


Most authors mention such factors as 
multiparity, previous infection of the 
urethra, trauma, previous caruncle, and 
leukoplakia as predisposing agents in 
carcinoma of the urethra. Counseller and 
Paterson,° and Scholl and Braasch" believe 
that chronic irritation is an important fac- 
tor in producing carcinoma of the urethra. 
One of our patients complained of 
growth” at the meatus since childhood, and 
another gave a history of “‘weak bladder all 
my life,” but the remainder of the patients 
had no previous urinary complaints. Among 
the symptoms described in the literature 
are burning and itching at the meatus, 
dysuria, incontinence, urinary retention, 
tenesmus, and bloody or serous discharge. 
After the lesion becomes ulcerated, it be- 
comes tender to pressure, and to other 
stimuli such as contact with urine. The 
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symptoms of which our patients complained 
are summarized in Table u. Frequency of 
urination and dysuria are the commonest 
symptoms, occurring in 8 of the 14 cases, 
The average duration of symptoms was 9.5 
months. However, if Case 2, in which 
bleeding from the genitalia was present for 
five years, is excluded, the average duration 
is §.6 months. This is shorter than Counsel- 
ler and Paterson’s figure of seven and a half 
months.° 


DIAGNOSIS 


The diagnosis is not difficult to make in 
symptomatic cases of vulvo-urethral car- 
cinoma because a definite ulcerative lesion 
may be seen on inspection of the meatus. 
However, this lesion may be mistaken fora 
urethral caruncle, or for prolapse of the 
urethral mucosa, and consequently all 
suspicious-looking lesions at the meatus 
should be biopsied. The diagnosis may be 
suspected from the characteristic diffuse 
enlargement and induration in the urethral 
type of carcinoma; but in early urethral 
lesions the diagnosis may be more difficult, 
sometimes requiring several biopsies. The 
importance of early biopsy of suspicious 
lesions cannot be stressed too much. In 
one of our cases, tissue had to be removed 


Tas_e II 
CARCINOMA OF FEMALE URETHRA 
Symptoms 
Case Metror- Hema-_ Fre- Ur- Dys- _—Difhi- Inconti- Oth 
No. rhagia  turia uenc enc urla culty nence ther Symptoms 
g quency gency y 

I I mo. Flank pain 

2 5 yr. 5 da. § da. § da. 5 da. 

3 6mo. 6mo. Partial 6 mo. Tumor vulva 6 mo. 

4 2 mo. 

5 3 mo. I yr. I yr. “Growth” all her life 

6 2 mo. 2mo. 

7 4 mo. 2 wk. Tumor vulva 1 mo. 

8 4mo. 4mo. 4mo, Flank pain 4 mo. 

9 3mo. 3mo0o. 3mo 3mo, 

Te) 16 da. 

Il 

12 3 yr. 3 yr. 3 yr. 

13 6wk. 6wk. Leukorrhea 6 wk. 
14 I mo. I mo. 
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with a resectoscope from the posterior 
urethra before the diagnosis could be made. 


TREATMENT 


Four methods of treating carcinoma of 
the female urethra are described in the 
literature: (1) Radical excision of the 
urethra, including a portion of the vesical 
neck; (2) less radical excision leaving intact 
the vesical neck and sphincter; (3) knife 
or electrosurgical excision followed by ir- 
radiation; (4) irradiation alone. The results 
of treatment, in general, have been rather 
poor. Counseller and Paterson’ reported 
some of the best results. Of their series of 12 
cases, 4 were treated with surgery alone, 3 
with irradiation alone, and 5 with a com- 
bination of surgery and radium therapy. 
Four of their 12 cases were living five or 
more years after treatment. Of the cases 
who died, the average duration of life was 
254 months. They concluded that the 
highest percentage of five year cures was 
obtained in cases treated both with radium 
and roentgen rays. Fagan and Hertig® re- 
ported a 50 per cent ten year cure rate ina 
series of 8 cases treated mainly by means of 
irradiation using radium and radon seeds. 


RADIATION THERAPY 


The use of radium in the treatment of 
carcinoma of the female urethra is by no 
means new, but in most centers it would 
appear that treatment is given by means of 
interstitial radium arranged as a palisade 
around the urethra. A summary of the 
treatment and results of therapy in our 
series of 14 cases is given in Table 111. In this 
institution the radium has been applied 
intra-urethrally with a catheter and also by 
placing a plaque containing radium against 
the introitus. It is therefore a combination 
of intracavitary and mould irradiation. In 
most instances the intra-urethral radium 
consisted of a 50 mg. tube enclosed in a 
silver screen giving a total equivalent filtra- 
tion of 1.5 mm. Pt. This was left in place 
for six hours on 3 or more occasions, giving 
a surface dose of between 12,000 and 18,000 
r,. The dose at 1 cm. below the surface is 
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estimated to be approximately 500 r, per 
100 milligram hours. The contra-urethral 
radium consisted in most instances of two 
25 mg. radium sources placed parallel with 
each other and separated by about 2 cm. If 
these were left in place for twenty-four 
hours, the maximum surface dose is of the 
order of 10,000 r, and at 1 cm. depth a 
dosage of 3,200 r, is delivered. If the car- 
cinoma was of the vulvo-urethral type as in 
Cases 5, 7, and 8, only contra-urethral 
radium was used, but in Case 6 the tumor 
was high up in the urethra towards the 
bladder neck and only the intra-urethral 
radium was employed. In the other cases 
the lesion appeared to involve both areas 
and therefore both applications of radium 
were made. When we consider the complica- 
tions of this therapy, it will be seen that a 
considerable proportion of the cases devel- 
oped radiation ulceration of the vulva, 
which necessitated surgical excision at a 
later date. On the other hand, cases which 
received comparatively lower doses of 
radium, as for example Cases 6 and 9g, did 
not have this complication and were cured 
of their carcinoma. It is possible, therefore, 
that the dosage which we have used has 
been excessive for the most superficial 
lesions. 

Roentgen therapy has been used as an 
adjunct to the radium therapy in some of the 
cases, using both perineal fields for the local 
disease and pelvic portals for potential in- 
trapelvic spread. In the dosage which has 
been used it seems doubtful whether much 
was accomplished by this radiation, and it 
would seem at least possible that the pa- 
tients who did survive did so because they 
had had no intrapelvic spread, and not as a 
result of their external roentgen therapy. 
It would certainly seem questionable to 
use the perineal port when so much radia- 
tion has aready been given by surface 
radium. If the inguinal and femoral lymph 
nodes are involved and cannot be removed 
surgically, they must be treated by some 
form of radiation. A second complication 
due to the effects of radiation is stricture of 
the urethra and 2 of our longer survivors, 
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Taste III 
CARCINOMA OF FEMALE URETHRA 
Case Intra-urethral Radium Contra-urethral Radium Roentges Result 
No. Therapy 
1 None 2,708 mg. hr. (2 treatments) 1,000 rXq fields Well—14} yr. 
200 kv. 
2,000 r perineal 
2* 1,200mg. hr. (4 treatments) 2,400 mg. hr. (1 treatment) None Died “‘stroke” 8} yr. 
3 1,300mg.hr. (4 treatments) 2,000 mg. hr. (2 treatments) 2,000 r perineal Died 4 yr. chronic 
200 kv. pyelonephritis 
4 775 mg. hr. 1,175 mg. hr. (2 treatments) 500 rX2 fields Died 2} yr. carcinoma 
400 kv. 
1,600 rX2 fields 
200 kv. 
5 None 1,100 mg. hr. (2 treatments) 2,000 rX2 fields Died 2 yr. carcinoma 


6 


600 mg. hr. (2 treatments) 


None 


160 mg. hr. (2 treatments) 


1,200 mg. hr. (1 treatment) 


2,683 mg. hr. (2 treatments) 


1,200 mg. hr. (1 treatment) 


1,188 mg. hr. (1 treatment) 


1,496 mg. hr. (2 treatments) 


7 None 

8 None 

g* 1,200 mg. hr. (4 treatments) None 
10 2,107 mg. hr. (2 treatments) 
11 goo mg. hr. (3 treatments) 
12 goo mg. hr. (3 treatments) 
13 goo mg. hr. (3 treatments) 
14 1,200 mg. hr. (3 treatments) 


1,203 mg. hr. (1 treatment) 


200 kv. 


IX1,000 r 
200 kv. 


I X1,600 r 
400 kv. 


None 


2,000 rX fields 


400 kv. 


1,050 rXq fields 
850 r perineal 


1,800 rX4 fields 
400 kv. 


None 


3,200 rX2 fields 
2,000 r groin 


3,500 rX2 fields 
groins 


Well 11 yr. 


Died 4 mo. carcinoma 


Well 93 yr. 


Died 5} yr. pneumonia 


Died 1 yr. carcinoma 


Well 5 yr. 


Well 4 yr. 


Well 23 yr. 


Well 13 yr. 


* Both of these patients were autopsied and no evidence of recurrent carcinoma was found. 


Cases 2 and 6, had to have dilatation of the 
urethra at regular intervals. 


SURGICAL PROCEDURES 


The surgical procedures used in the treat- 
ment of our cases are summarized in Table 
iv. In Cases 1 and g there was considerable 
doubt from clinical observation whether 


the carcinoma had been cured at the con- 
clusion of the radiation therapy, and it was 
considered advisable to excise the urethra 
and vesical neck by the vaginal route in 
both cases. Ureteral transplants to the colon 
were attempted in these two cases, but in 
Case 1 the second stage of the Jewett 
transplant could not be done because of 
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TasBie IV 


SURGICAL PROCEDURES FOR CARCINOMA OF URETHRA 
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Excision of 


Urethra Local Ex- 
Case No. and Ureteral Transplant cision Car- Surgery for Complications 
Vesical cinoma 
Neck 
I Yes Bilateral Jewett first stage 
2 Bilateral Coffey II for incontinence 
3 Artificial vesicovaginal fistula 
4 
5 
6 
8 Yes Excision of radiation ulcer of labium 
9 Yes Bilateral Coftey II 
10 Bilateral direct Excision of radiation ulcer of labium 
II Excision of radiation ulcer of labium 
12 Excision of radiation ulcers of labia 
13 Excision of radiation ulcer of labrum 
14 Yes 


technical difficulties. satisfactory bi- 
lateral Coffey II transplant was done in 
Case 9. As a matter of fact, no viable car- 
cinoma cells were found in the operative 
specimens in either case. Four patients 
had to have excision of radiation ulcers of 
the labia. A bilateral Coffey II transplanta- 
tion of the ureters to the sigmoid colon 
was done in Case 2 for persistent urinary 
incontinence after treatment. Case 3 devel- 
oped an intractable cystitis, for which an 
artificial vesico-vaginal fistula had to be 
made. The results of our treatment are 
shown in the last columns of Tables 1 and 
11. Cases 2 and 3 died of conditions other 
than carcinoma in eight and four years re- 
spectively. It is interesting that Case 3 was 
in uremia when first seen. Of the 11 pa- 
tients treated for more than five years, 6 
are living and well, a five year cure rate of 
54 per cent. The 3 patients treated for less 
than five years are well at four, two and a 
half, and one and a half years respectively. 


CONCLUSIONS 


1. Fourteen cases of carcinoma of the 
female urethra treated with irradiation or a 


combination of irradiation and surgery are 
reported. 

2. Six of the 11 patients treated for more 
than five years are well; a $4 per cent cure 
rate. 

3. The 3 patients treated for less than 
five years are well at four, two and one- 
half, and one and one-half years after 
therapy. 


C. Bernard Brack, M.D. 

The Johns Hopkins Hospital 
and University 

Baltimore 5, Maryland 
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PROBLEMS CONCERNING THE DIAGNOSIS AND 
TREATMENT OF CARCINOMA IN SITU OF 
THE UTERINE CERVIX* 


By PAUL A. YOUNGE, M.D. 
BROOKLINE, MASSACHUSETTS 


I‘ THE past twenty years there has been 
a gradual and nearly universal accept- 
ance of the carcinoma in situ concept. The 
question, however, whether this lesion of 
the cervix invariably precedes invasive 
cancer or, if untreated, is always followed 
by invasive cancer, defies absolute proof. 
Epidemiologic studies such as the Memphis 
cytologic project’ and the eight points of 
Hertig' provide circumstantial evidence 
which overwhelmingly supports this theory. 
At the Third National Cancer Conference 
in Detroit in June, 1956, Dr. Fred W. Ste- 
wart!® of the Memorial Hespital in New 
York made the following statement: “Our 
best known times for a cancer of a viscus 
are derived from studies of in situ cervix 
carcinoma. It is known that approximately 
a half decade to a decade separates the 
in situ from that of infiltrative cancer. 
Every infiltrative cancer must come from 
in situ cancer, there being no other thing 
it can come from, this irrespective of 
various doubts cast upon the relationship.” 
At the same meeting in his conference sum- 
mary Dr. Charles S. Cameron! of the Amer- 
ican Cancer Society said: ‘Certainly of first 
importance in this meeting was the atten- 
tion given to the significance of cancer in 
situ. | think there is greater unanimity of 
opinion concerning the relationship of this 
entity to invasive cancer of the cervix than 
there has been heretofore.” 

In an editorial of the March, 1957, issue 
of Obstetrics and Gynecology, Otto Saphir® 
of Chicago seriously questions the car- 
cinoma in situ concept. He states: “Close 
follow up of many patients with such lesions 
who have had no curative procedures is 
essential to learn more about this entity.’ 


Recently Petersen’ as well as Kottmeier® 
have reported such human experiments. 
In Petersen’s series of 127 patients, one- 
third of them developed invasive cancer 
by the end of nine years. In a smaller series 
of 25 untreated patients, Masterson® found 
that 28 per cent developed either invasive 
cancer or progressed to suspiciously inva- 
sive cancer within five years. Nearly 10 per 
cent of the 235 carcinomas in situ thor- 
oughly studied at the Free Hospital for 
Women had microscopic evidence of early 
invasion upon re-evaluation of the slides. 
In some cases serial sections of the original 
tissue blecks were necessary in order to 
demonstrate this. 

Having personally followed untreated pa- 
tients with carcinoma in situ in whom inva- 
sive cancer was found in from one to five 
years and having seen slides from other pa- 
tients who died of cancer because the in 
situ lesion was not removed completely, I 
cannot condone Sarhir’s request to follow 
these lesions without curative procedures. 
On the other hand, having followed over 70 
patients! whose original treatment for 
carcinoma in situ of the cervix was con- 
servative, that is, the reproductive func- 
tion was preserved, I very definitely feel 
that the treatment of this early cancer 
can be individualized according to the 
extent of the lesion and the status of 
the patient. Special clinics and research 
centers should and are continuing to study 
this lesion, but in the meantime certain 
safe and sensible rules can be established 
for the working pathologist and the prac- 
ticing gynecologist or general surgeon who 
performs gynecologic surgery. 

There will always be a problem regarding 


* From the Free Hospital for Women, Brookline, Massachusetts and the Department of Gynecology, Harvard Medical School, 
Boston, Massachusetts. Presented at the Thirty-ninth Annual Meeting of the American Radium Society, Quebec City, Quebec, 


Canada, May 29-June 1, 1957. 
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the microscopic diagnosis of this lesion, 
that is, the interpretation of individual 
slides. Hertig and I demonstrated this when 
we presented a number of cervical slides 
to the New England Society of Pathology 
in 1939. Siegler’ of Cleveland seventeen 
years later found the same variance of 
opinion when he sent 25 slides of cervical 
lesions to 20 different pathologists. Com- 
plete agreement was not obtained on any 
one of the 25 slides. What we interpreted in 
1939 as atypical squamous metaplasia 
occasionally was called invasive cancer by 
others, and what we diagnosed carcinoma 
in situ was regarded as benign condition by 
some of the other pathologists. Much of 
the confusion in the past and still present 
is the result of these differences of patho- 
logic opinion on the same slide. This situa- 
tion exists in all types of borderline neo- 
plasms but perhaps much more so in regard 
to the cervix in recent years. This is due to 
the thousands of cytologic studies which 
have been done on patients whose cervix 
would not have been biopsied if the cyto- 
logic smear had not been reported suspi- 
cious or positive. Honest differences of 
opinion are bound to exist but the more 
experienced the pathologist the fewer mis- 
takes he will make. Many pathologists 
do not see a large volume of cervical tissue 
and no pathologist will resent a request 
from the clinician to have a slide examined 
by another whose experience is greater. 
Very few individuals, clinician or pathol- 
ogist, have had a long experience with 
carcinoma in situ. Therefore, at present, 
clinical and pathologic consultation should 
be had frequently when we are confronted 
with this lesion. 

Usually the problem arises in a symptom- 
less patient whose cervix appears benign 
clinically although it seldom is a normal 
cervix according to our strict standards. A 
normal cervix is one which is covered en- 
tirely with squamous epithelium of a nor- 
mal color distal to the beginning of a cer- 
vical canal of a normal diameter. In addi- 
tion the squamous epithelium should stain 
a dark brown color after gentle cleansing 
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and the application of Gram’s iodine solu- 
tion. This definition holds true either for a 
nulliparous or a lacerated parous cervix, 
When any other type of epithelium extends 
beyond or distal to the cervical canal, that 
cervix is abnormal. All such abnormalities, 
which usually are described as erosions or 
eversions, should be investigated by biopsy 
and cytologic smears and corrected at an 
early age, even before the age of twenty. 
The old-fashioned teaching to biopsy only 
suspicious cervical lesions produced very 
few cases of carcinoma in situ. The cyto- 
logic screening of symptomless women in 
the past ten years has led to the discovery 
of hundreds of im situ cancers of the cervix 
which otheriwse would not have been biop- 
sied or even treated unwittingly. Even in 
this enlightened and early-cancer conscious 
age, very few gynecologists biopsy benign- 
appearing but abnormal cervices routinely 
except those who are the devoted followers 
of Schiller or the rare colposcopist. Con- 
sequently, in most instances the first indica- 
tion of a problem is the suspicious or posi- 
tive cytologic report. 

At the Free Hospital for Women we have 
been doing routine cervical biopsies on all 
abnormal cervices since 1936. The biopsies 
are taken according to the Schiller test, if it 
is positive, otherwise, of course, they are 
random biopsies. Since 1946 we have taken 
cytologic smears routinely. Thus, we have, 
I believe, the only controlled series of cases 
of carcinoma in s‘tu from which the value of 
screening cytology can be determined. The 
first smear, that is, the so-called screening 
vaginal pool smear in 122 patients with 
carcinoma in sifu was reported positive or 
suspicious in 68.1 per cent. Direct cervical 
aspiration is more accurate, being close to 
gO per cent in 45 patients so examined. 
Eighty-three of the 122 patients had two 
or more smears taken at different times be- 
fore treatment, and in this group there were 
only 15 per cent false negatives as against 
31.9 per cent false negative reports when 
only the first smear was considered for the 
entire group. Of prime interest from a clin- 
ical point of view is a comparison of the 
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first biopsy report with that of the first 
smear report in 112 patients who had both 
screening procedures performed. In these 
cases the first biopsy report was positive 
or suspicious in 92 per cent as against 67 
per cent for the first smear. This means, 
therefore, that cytology alone does not re- 
place clinical examination which should in- 
clude a Schiller test, a very simple proce- 
dure which was positive in 82 per cent of the 
patients with carcinoma in situ we have 
studied. 

Most clinics and, I believe, most physi- 
cians do not biopsy a benign-appearing cer- 
vix even though it is abnormal unless they 
have obtained a positive cytologic smear. 
Of course, all will biopsy a suspicious cer- 
vix, but a suspicious cervix usually is one 
with invasive cancer. After a suspicious or 
positive smear is obtained, frequently 
surprise to the clinician, it seems to be very 
fashionable nowadays to rush the patient 
into the hospital at great expense for a 
cold-knife conization. Here is what a work- 
ing pathologist has to say about this pro- 
cedure. Dr. Dominic DeSanto? of San 
Diego, California recently made this state- 
ment: “Theoretically the cold cone is the 
ideal biopsy. But in actual practice the cone 
is one of the most difficult procedures.— 
With the cone biopsy, | find in most in- 
stances only muscle and endocervix. We 
don’t get much junction tissue at all.” “If 
one does a complete Sturmdorf-type biopsy 
the patient may later have many gyneco- 
logic complications, such as incompetence 
of the cervix, that precludes normal 
pregnancy.” 

There is no particular harm in removing 
the cervix for diagnostic purposes in women 
over the age of thirty-five or forty, but we 
must realize that nearly half of these prob- 
lems arise in women under the age of thirty- 
five with a large number in the twenties, 
some of whom have not yet had children. 
Suspicious or probably positive smears do 
not always mean cancer or even carcinoma 
in situ. Quite a few such smears are ob- 
tained from borderline lesions such as basal 
cell hyperplasia which apparently is a 
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reversible atypicality, some progressing to 
cancer and others regressing or, more likely, 
are easily destroyed by treating chronic 
cervicitis by cauterization. Therefore, the 
diagnostic procedure used must not de- 
stroy the function of the uterus. There is no 
instrument which precisely excises the 
squamocolumnar junction. The only way to 
evaluate a cervix adequately is by multiple 
punch biopsies using a square-jawed in- 
strument plus endocervical curettage. The 
individual biopsies should be kept sepa- 
rately and their location oriented so that 
the extent of the lesion can be determined. 
The tissue fragments and the blood clot 
from the endocervical curettage should be 
treated as a cell block. This enables one to 
map out the areas of the cervix which are 
involved. The square-jawed punch should 
be emphasized because it obtains a rec- 
tangular specimen which can be sectioned at 
a right angle to the epithelium showing, as 
it must, the relationship of epithelium to 
the underlying stroma. A round-jawed 
punch obtains a spherical specimen which is 
difficult for the technician to section prop- 
erly, and the pathologist frequently sees 
only muscle without epithelium or the 
epithelium is mangled or cut tangentially. 
These tangential sections are very difficult 
to interpret accurately and they lead to 
many instances of overtreatment because 
of the suspicion of invasive cancer. Pro- 
cedures described as excision of the squamo- 
columnar junction with gadgets or the 
scalpel are inadequate to evaluate properly 
the extent of the lesion or to rule out inva- 
sive cancer. Adequate evaluation of the 
cervix by six to fourteen punch biopsies and 
endocervical curettage should never miss 
invasive cancer except at its very earliest 
stages for which a simple total hyster- 
ectomy is adequate therapy. 

Of the 235 patients we have treated for 
carcinoma in situ and have followed for five 
or more years, none has developed recur- 
rent cancer in spite of the fact that nearly 
10 per cent had early microscopic invasion. 
In the past five years we have had two 
rather disturbing cases. One patient died of 
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cancer of the lung two and one-half years 
after a hysterectomy for carcinoma i” situ 
of the cervix. Since autopsy was refused we 
shall never know whether her fatal cancer 
was a second primary or not. It is theoreti- 
cally possible that she may have had a blood 
stream metastatic lesion in the lung at the 
time the hysterectomy was performed be- 
cause there was no evidence of local recur- 
rence at the time of her death. If that were 
true, and we shall never know, her death 
was the only one to date from cervical can- 
cer among over 300 patients we have 
treated up to the present time for an in 
situ lesion of the cervix. The other disturb- 
ing case was a patient whose vaginal cuff 
showed basal cell hyperplasia at the margin 
of surgical excision. The carcinoma in situ 
had been removed with a good margin, 
but two years later invasive cancer was 
found in the vagina where there had been 
basal cell hyperplasia. This was treated 
with radium and roentgen ray therapy 
the success of which awaits follow-up ob- 
servation, but the patient is in the late 
seventies and has cardiovascular disease. 

The question frequently raised is that 
invasive cancer might be missed by ambula- 
tory diagnostic procedures which then 
would result in undertreatment. This has 
happened only once in the over 300 patients 
we have treated for carcinoma in situ. In 
1947 a twenty-six year old patient had a 
dilation and curettage, biopsy and cauteri- 
zation of the cervix. The pathology report 
at that time was “probable carcinoma in 
situ of the cervix.” Re-evaluation of that 
slide at a later date placed it in the category 
of minimal basal cell hyperplasia with 
only slight anaplasia. Six months after the 
original biopsy a Papanicolaou smear was 
negative. Three and four years after the 
original treatment vaginal and cervical 
cytologic smears were probably positive 
but endocervical curettings were negative. 
Her cervix was perfectly normal externally. 
During the next two and one-half years 
which carried her to six and one-half years 
after treatment, her cytologic smears and 
biopsies were negative during which time 
she had a full term pregnancy with a normal 
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delivery. In December, 1954, seven and 
one-half years after treatment the cervical 
smear was reported definitely positive. In 
June, 1955, eight years and two months 
after the original biopsy, a hysterectomy 
was performed because of the persistently 
positive smears. Endocervical curettings 
had shown according to the pathologist's 
report only basal cell hyperplasia and ana- 
plasia. The hysterectomy specimen showed 
an invasive carcinoma high up in the cer- 
vical canal beyond the possible reach of any 
diagnostic type of conization. 

Nearly always, on a nationwide basis 
when invasive cervical cancer was found 
after a simple total hysterectomy, it was 
because no biopsies and no smears were 
taken preoperatively. At the Free Hospital 
for Women up to five years ago this has 
happened 21 times in approximately 8,000 
hysterectomies. What happened to those 21 
patients is important to know because their 
lesions were not suspected clinically pre- 
operatively. Eight of the 21 patients re- 
ceived no subsequent treatment and 6 are 
alive and well five to fifteen years later, 2 
having died of intercurrent disease five and 
ten years postoperatively, respectively, 
with no evidence of cancer. Thirteen of the 
21 patients received subsequent irradiation 
because their invasive lesions were more 
extensive. Two of these 13 patients died of 
recurrent cancer within ten years and one 
died of intercurrent disease at ten years 
with no evidence of recurrence. Thus, six- 
teen or 76 per cent of those 21 patients are 
living and well at present with only 4 hav- 
ing been followed for less than ten years. 
Two or 9.5 per cent of the 21 patients died 
of a recurrence of the cervical cancer. 

From this experience with the treatment 
of carcinoma in situ and from the long 
follow-up of missed invasive cervical can- 
cers, it does not seem logical to treat all 
carcinoma in situ patients by such radical 
procedures as the extended Wertheim 
hysterectomy of Meigs or the full radiation 
therapy such as McKelvey advocates. 

At the Free Hospital for Women all pa- 
tients with suspicious or positive smears 
or biopsies are immediately sent to a special 
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clinic for evaluation. Invasive cancer sel- 
dom is a diagnostic problem. Most of the 
patients with carcinoma in situ of the 
cervix are symptomless and have come to 
the clinic for some other problem, not in- 
frequently primary or secondary infertility. 
The situation is explained quite frankly 
stressing the point that if malignancy 
should be found the cure is a simple opera- 
tion and one hundred per cent effective. 
The reason for a slow and deliberate 
evaluation requiring two to four visits for 
the purpose of multiple biopsies and endo- 
cervical curettage and a positive set of 
smears after the last biopsy is appreciated 


by most patients because they have heard ° 


of unnecessary hysterectomies. When the 
lesion is limited to its place of origin at the 
squamecolumnar junction in an everted or 
so-called eroded cervix and there is proof 
that the canal is normal, a therapeutic 
conization or cauterization is recommended 
if the patient is willing to be followed and 
anxious to have a child or more children. 
Of 34 patients so treated 12 have had a 
total of 21 children and 7 miscarriages. All 
are now well five or more years after treat- 
ment and are negative cytologically and 
pathologically. 

About 90 per cent of the patients either 
have the lesion extending up into the cer- 
vical canal ordonot want conservative treat- 
ment treatment or both. In this case a 
simple total abdominal hysterectomy is 
performed, removing vaginal cuff or not, as 
indicated by the Schiller test, and the 
ovaries are removed only if indicated by 
other reasons. The evaluation in both 
groups is the same but the treatment de- 
pends upon a combination of circum- 
stances, the age, the parity, the extent of 
the lesion and the patient’s reproductive 
ambitions. 

The carcinoma in situ problem requires 
the coordinated efforts of the clinician, the 
cytologist and the pathologist. When there 
is no grossly obvious malignant lesion, the 
evaluation of the cervix must be meticu- 
lously and accurately performed without 
jeopardizing the future function of the 
uterus. An unnecessary hysterectomy in a 
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young woman, especially if she is childless, 
sometimes is just as tragic as are the dan- 
gers of missing an early invasive cancer of 
the cervix. With the knowledge available 
at the present time, there is no justification 
to withhold treatment until evidence of in- 
vasive cancer is present nor is there a valid 
reason to treat all im situ cervical cancers 
radically. Each patient with this lesion is an 
individual problem and consultation re- 
garding the diagnostic procedures, the 
histologic interpretation and treatment is a 
sign of experience and wisdom. 


The Free Hospital for Women 
Brookline, Massachusetts 
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PHYSICAL FACTORS IN LUNG THERAPY* 


By JEANNE D. RICHMOND 


NEW YORK, NEW YORK 


INCE the introduction of accurate 

calculation of the depth doses delivered 
within patients during the course of radia- 
tion therapy, and because of the increasing 
availability of such depth dose data, dosage 
in the lung and elsewhere has been com- 
monly based on measurements made in 
homogeneous unit density phantoms of 
pressdwood or water. However, various 
investigators have pointed out the con- 
siderable degree of error which can result 
from the assumption that the patient is a 
homogeneous unit density object of in- 
finite dimensions. From their findings, 
based on experimental work in carefully 
built phantoms and with various densities 
of tissue and on calculations of absorption 
and scattering in thorax, have come recom- 
mended corrections and methods of calcu- 
lating individual patient tumor doses in 
lung which it was felt should be brought 
out in considering radiation treatment of 
lung carcinoma. The relative advantages of 
supervoltage therapy and, in some cases, 
rotation therapy are familiar to all and 
will not be dwelt upon here. 

When radiation traverses the chest, it 
must pass through bone, aerated lung 
tissue, and tumor tissue as well as muscle 
tissue of unit density. Lung and bone are 
well known to absorb radiation differently 
from water; lung in particular absorbs 
much less than unit density tissue. Scatter 
in lung is also significantly decreased, some- 
times the decrease in absorption and scat- 
ter balancing each other. In addition, the 
area being irradiated does not approach 
the usual “‘infinite phantom” measuring 30 
by 30 by 30 cm., and often there is little or 
no backscatter from behind the body. 

Thus we have the situation where the tu- 
mor dose may be considerably lower than 
calculated if the lesion is situated eccentri- 


cally and just below bone structure which 
absorbs more radiation. Or the dose may 
be much higher than estimated if a cen- 
tral lesion is to be treated by many fields, 
each traversing considerable lung tissue 
before reaching the cancerous tissue. For 
any given case it is difficult to prescribe 
a set correction, as this may be varied by 
the size, placing, and number of fields, and 
by the quality of radiation being used. 
However, use of corrections and calcula- 
tions which have been published, although 
perhaps not accurate for all cases, will give 
a truer picture of dosage to a patient than 
will the use of no correction at all. 

Weatherwax and Robb” made depth 
dose measurements for 200 kv. radiation be- 
low a human lung inflated to various sizes 
in a water phantom. The dose below the 
lung when inflated to 13 cm. thickness was 
increased 80 per cent over the dose meas- 
ured in water alone. Quimby ef a/.° com- 
pared depth doses in the chest of a cadaver 
for 200 kv., 700 kv., and radium gamma 
radiation with those obtained in a water 
phantom and presented correction curves 
for varying field areas at different depths 
within the chest. They pointed out the 
lower than expected dose obtained in the 
first few centimeters within the chest, de- 
pending on the quality of radiation, and 
also, with 200 kv., a radical change in lung 
dose with field size. 

More recently, Paterson’ has given a rule 
of thumb for lung dosage corrections: if the 
solid tissue of the mediastinum is being 
treated, no correction is necessary; if 50 
per cent of the beam length between 
applicator and tumor is through lung tissue, 
correct +20 per cent to the normal tumor 
dose contribution from that field for the 
depth in question. He further states that 
the actual correction for a given field should 


* Presented at the Thirty-ninth Annual Meeting of the American Radium Society, Quebec City, Quebec, Canada, May 29-June 1, 
1957. This paper and the papers of Drs. Watson, Krabbenhoft and Guttmann, which follow, were presented as part of a round- 
table conference on treatment of primary carcinoma of the lung under the chairmanship of Dr. Douglas Quick, New York, New York. 
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vary from +10 per cent to +30 per cent 
depending on the estimate of the ratio of 
lung tissue to soft tissue in the beam. 

Nahon and Naidorf* compared depth 
doses in pressdwood, and in plywood of 0.5 
gm./cc., obtained from an average density 
of lung, chest wall, mediastinum, and tu- 
mor, which they found to have transmission 
comparable to that through a fresh calf’s 
thorax. At depths of 5, 10, and 15 cm., 
they found readings 25, 50, and 70 per cent 
higher in plywood than in pressdwood. 
They pointed out that exit doses from 
thorax and abdomen of similar thickness 
vary from 2.5 or 3 to 1, and a that wide 
variation exists in exit doses from similar 
parts of the same thickness of different 
individuals. With such variation, calcula- 
tions in a homogeneous phantom, or on the 
basis of exit dose only, are open to con- 
siderable error. Nahon and Hawkes,’ using 
the plywood phantom and radiation of 
half-value layer 1.5 mm. Cu, measured 
dosage at many points in lung for multiple- 
field and rotation therapy, and constructed 
isodose curves, especially indicating the 
amount of undesired radiation received by 
the uninvolved lung and the method of 
treatment which would deliver least to this 
area. They gave no comparison with cal- 
culated data. 

Robbins and Meszaros" related the per- 
centage air dose rate at the axis with the 
percentage air dose rate at a transit posi- 
tion during rotation, using a water phan- 
tom and radiation of half-value layer 1.7 
mm. Cu. They found this relationship to be 
independent of body shape and to hold for 
phantoms containing water and air or 
water and bone. They gave corrections for 
the axis of rotation not at the center of the 
phantom, and were able to obtain theoretic 
agreement with their measurements to 
within 10 per cent for all but the largest 
fields and phantoms. This procedure is use- 
ful not only for more accurately estimating 
the dose given at the center of rotation but 
also for checking successive treatment set- 
ups. 

Kornelsen‘ also has provided a means for 
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estimating tumor dose in individual cases 
from a measurement of exit dose, without 
knowing the exact thickness of each type 
of tissue traversed. He derives an effective 
coefficient of linear absorption from en- 
trance and exit doses and the assumption 
that the body is homogeneous. This method 
is to be used with fixed fields only, treating 
centrally located tumors by pairs of oppos- 
ing fields, and measuring the exit dose in- 
cluding full scatter. 

With these last two methods of estimat- 
ing tumor dose, the dosage in a wide range 
of treatments and lesions can be readily 
determined, once the necessary relation- 
ships and figures have been worked out for 
the particular therapy units involved and 
provided that the requisite equipment is 
available. 

A simpler method of estimating lung 
dosage would be to apply percentage 
corrections to the calculated dose, depend- 
ing on number and size of fields and their 
placing, quality of radiation, and location 
of tumor. Paterson’s estimate, already men- 
tioned, is a simple correction to make. A 
much more detailed set of corrections has 
been published recently by Jacobson and 
Knauer. These authors had previously 
calculated depth dose in lung for cobalt 60 
radiation, using depth dose charts in unit 
density regions, and coefficients of linear 
absorption in lung tissue, correcting for 
distance by inverse square but not correct- 
ing for scatter within the lung.” They found 
that this latter could be neglected at this 
quality radiation for depths which were not 
too great. Measured doses agreed with the 
calculated ones in this energy region, but 
such calculations proved not feasible in the 
200 kv. region. Therefore, experimentally 
determined correction factors seemed nec- 
essary. Jacobson and Knauer used a phan- 
tom man made of unit density pressdwood, 
with cork lungs of 0.27 gm./cc. density. 
Each cross-section corresponded to that of 
the typical man in Eycleshymer and Shoe- 
maker’s anatomic atlas. Correction factors 
were published for 200 kv. and 400 kv. 
roentgen radiation using fixed ports, and for 
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cobalt 60 gamma radiation with fixed ports 
and with rotation.’ These factors, ranging 
from 1 to 1.25, multiplied by the tumor 
dose calculated from conventional depth 
dose tables or isodose curves, give the dose 
delivered to lung or mediastinum. The 
authors found that the exit dose did not 
provide a reliable measure of tumor dose in 
many instances. 

Quimby and Cohen,’ and Jacob also have 
measured depth doses at different points in 
the lung, using rotation with target-axis 
distance of 85 cm., and varying field size 
and quality of radiation. They used a 
pressdwood phantom man with cork lungs 
similar to the one used by Jacobson and 
Knauer. Measurements were made with the 
cork lungs in the phantom and also with 
the cork replaced by pressdwood, and a 
ratio for correction was obtained. In each 
instance the phantom was rotated around 
point B in the center of the mediastinum, 
and readings were taken at the six points 
marked on the diagrams. The correction 
factors obtained indicate changes at the 
axis of rotation. In addition, in some cases, 


HVL I mm. Cu. Point Area of Field at Axi 
TAD 65 om. 

A 1.34 1.13 

Axis of rotation at B 1.40 1.18 

Point B 1.43 1.16 

| 1.13 1.01 

| 1.08 1.06 

F | 1.06 1.08 

POSTERIOR 


Uf 


ANTERIOR 


Fic. 1. Ratio of measurements in lung and in pressd- 
wood at points marked, during rotation around 
point B in center of mediastinum. Half-value layer 
1 mm. Cu. Field sizes 25 cm.” and 139 cm.?. 
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HVL 2 mm. Cu. 32 cm* | 
TAD 85 cm. 
Axis of rotation at c 
Point B 
E 
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Fic. 2. Ratio of measurements in lung and in pressd- 
wood at points marked, during rotation around 
point B in center of mediastinum. Half-value layer 
2mm. Cu. Field sizes 32 cm.? and 139 cm.*. 


there are other areas in which discrepancies 
between expected and delivered doses 
should be noted. Their results indicate the 
following changes at the axis of rotation: 
For half-value layer 1 mm. Cu using fields 
under 50 cm.” at the skin surface the cor- 
rection factor is 1.40; using larger fields the 
correction factor is 1.20 (Fig. 1). For half- 
value layer 2 mm. Cu the correction factor 
is 1.20. The dosage in the left posterior lung 
with small fields, however, may run up to 
20 per cent higher than the dose at the 
center of rotation (Fig. 2). For half-value 
layer 4 mm. Cu the correction factor is 1.20 
(Fig. 3). 

Similar corrections are not yet available 
for rotation around lesions in the lung. 
However, where needed they can be esti- 
mated, and, as pointed out previously by 
Quimby and Cohen,’ rotation of lung le- 
sions with field sizes larger than about 125 
cm.? at half-value layer of 2 mm. Cu, or 
with any softer radiation, does not often 
prove very practicable. 

In many therapy departments, not too 
much attention has been given to the dis- 
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Point Area of Field at Axi: 
139 cm* 

HVL 4mm. Cu 
TAD 85 cm. B 1.23 
c 1.24 
Axis of Rotation at D 1.06 
Point B E 1.05 
F 1.04 


ANTERIOR 


Fic. 3. Ratio of measurements in lung and in pressd- 
wood at points marked, during rotation around 
point B in center of mediastinum. Half-value layer 
4mm. Cu. Field size 139 cm.*. 


crepancies between tumor dose calculated 
and tumor dose actually delivered. In no 
area of the body is this discrepancy more 
important than in the thorax. For a long 
while this lack of attention could be ex- 
cused on the partial grounds that little data 
were available which could be easily ap- 
plied to the immediate clinical problem. 
However, with the increasing amount of 
investigation being done in this field, with 
simplified means of determining correction 
factors in individual cases and with the 
wide range of precalculated correction 
factors being published covering most in- 
dividual problems which would arise, it 
would seem that the small additional effort 
necessary to increased accuracy in dosage 
determination might be desirable. 

Janeway Clinic 

Roosevelt Hospital 


New York, New York 
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The author wishes to express her thanks to 
Dr. Edith Quimby for her helpful suggestions 
on this paper and to Mrs. Beverly Cohen and 
Miss Ginette Jacob for allowing the use of their 
unpublished data. 
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FIVE-YEAR SURVIVORS IN LUNG CANCER* 
A STUDY OF 3,073 CASES 


By WILLIAM L. WATSON, M.D. 
NEW YORK, NEW YORK 


Co ARRIVING at Memorial Hospital 
in the Fall of 1925, I never expected to 
become interested in lung cancer. In those 
days primary malignant disease of the 
lung was uncommon even in a Cancer Hos- 
pital. It was a most difficult cancer to 
diagnose and often the true nature of the 
patient’s disease was only discovered by a 
pathologist at the time of autopsy. Worst 
of all no cure for lung cancer was then 
known and treatment was necessarily palli- 
ative in nature. This early picture of lung 
cancer was not likely to encourage young 
surgeons to devote time and energy to the 
problem. 

The following thirty years saw a con- 
siderable change taking place. In the year 
1926, only 2 patients with lung cancer 
sought help at Memorial Hospital, but since 
then there has been a steady rise in the 
incidence of the disease. This increase is 
noted not only in our hospital and through- 
out the United States, but also in other 
countries where adequate medical records 
are kept. In Denmark, for example, there 
has been a marked advance in the number 
of cases of lung cancer in both the male and 
female population with the greatest rise 
reported among city dwellers. We are now 
aware that malignant pulmonary disease is 
the most common visceral cancer in man. 
Although the disease is still difficult to 
diagnose in its early phases, we know it is 
no longer an incurable disease. 

This report was begun with the hope to 
document the impression that standard 
surgical measures offer a patient with lung 
cancer the real possibility of cure and that 
surgeons can point to a respectable salvage 
rate for those cancers diagnosed early 
enough to permit surgical resection. I felt 


that a report of a group of patients surviv- 
ing five years or more would help to over- 
come some of the pessimism regarding this 
disease and stimulate efforts to discover 
more resectable cases. 


CLINICAL FEATURES 


It was anticipated that the study of this 
group of five-year survivors from lung and 
tracheal cancer might reveal common clin- 
ical features which would distinguish these 
“cured” cases from all the others. This 
search for a common denominator has not 
been very rewarding. For instance, age and 
sex seem to exert no marked influence on 
‘the curability of lung cancer. In this series 
of 3,073 cases there was I female for every 9 
males or II per cent and in the survival 
group there were 56 males and 5 females or 
roughly g per cent. The symptomatology, 
the anatomic location of the tumor and the 
percentage of smokers of both sexes was not 
significantly different in the two groups. 
About 3 per cent of all lung cancers are dis- 
covered when the disease is “silent” or 
asymptomatic. In the five-year survival 

group, there were 2 silent cancers out of 61 
cases or approximately 3 per cent. 

The most important factor in five-year 
survival is the presence or absence of 
lymph node or blood borne metastases—un- 
fortunately metastases through the blood 
stream often cannot be determined prior to 
surgery. Of the 61 cases in the five-year 
group, there were only 8 who had metas- 
tases to the mediastinal lymph nodes. The 
chance of cure then seems to be nearly 
eight times greater in those cases without 
lymph node spread of their disease. 

On the positive side it becomes apparent 


[ that the cell type of the cancer bears a 


* Presented at the Thirty-ninth Annual Meeting of the American Radium Society, Quebec City, Quebec, Canada, May 29~June |, 
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definite relation to both resectability and 
curability. Terminal bronchiolar lung can- 
cer—often called “‘alveolar cell” cancer was 
{resectable in 34 per cent of the cases and 
‘these cancers have also the most favorable 
five-year prognosis. 

, Twenty-six per cent of the epidermoid 
carcinomas were resectable and this cell 
‘type has the second most favorable postre- 
section prognosis. Twenty-two per cent of 
‘adenocarcinomas were resectable, but here 
the salvage rate is very poor and only in the 
eat cell group is it found to be lower. 
/Twelve per cent of the anaplastic or oat 
cell cancers were rescectable and only 
\patient has survived five years. 


TREATMENT 


Irradiation. Until the year 1938, only 
irradiation measures were employed at 
Memorial Hospital in the effort to control 
lung cancer. Much of the early treatment 
was given by machines we now know were 
inadequate for the management of deep- 
seated cancer. It is impossible for me to 
evaluate in an unbiased fashion the degree 
of palliation obtained by these methods. The 
number of five-year survivors is as follows: 
1 patient received roentgen therapy in 
1933, and remained well for sixteen years 
and then died of coronary thrombosis; 3 
other patients were treated by irradiation 
alone and have survived respectively 
twenty-two, twenty and ten years after 
treatment-—these 3 cases are without histo- 
logic proof; more than 2,000 patients re- 
ceived irradiation for lung cancer and 4 
have survived five years or more (0.2 per 
cent). 

In 30 instances nonresectable cancer of 
the lung was discovered at the time of 
thoracotomy, and while the chest was still 
open we implanted the neoplasm with gold 
filtered radon seeds, using a dose as high as 
100 mc. Two of these patients have sur- 
vived five years and several others are now 
approaching that goal. 

Chemotherapy. Chemotherapy for lung 
cancer may have a promising future, but 
as of now there is no long-time survivor to 
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justify optimism regarding the possibility 
of eventual complete control of lung cancer 
by chemotherapeutic measures. On the 
other hand, nitrogen mustard (HN:), when 
used in the early stages of oat cell lung can- 
cer, often brings about temporary regression 
of disease and gratifying relief of symp- 
toms. 

Surgery. In my opinion, whenever pos- 
sible, all suitable cases of lung cancer should 
have wide surgical removal of their disease. 
The first Memorial Hospital patient was 
operated upon for lung cancer in 1938. He 
has remained well. Since 1938, we have had 
2,631 patients with cancer of the lung and 
of ‘‘all comers” only 305 were suitable for 
surgical excision—a resectability rate of 11 
per cent. 

In our series there are 190 patients who 
have had excisional surgery more than five 
years ago. One hundred and fifty-nine were 
pneumonectomies with 41 survivors or 25.7 
per cent. Another group of 23 had lobec- 
tomies and 8 have survived more than five 
years for a salvage rate of 34.9 per cent. 
One subtotal lobectomy for terminal bron- 
chiolar cancer (out of a group of 8 such 
cases) has survived for a total of 12.5 per 
cent in this category. In the group of 190 
cases there are 50 patients surviving from 
five to seventeen years after operation—a 
survival rate of 26.3 per cent. 

Since 1949 it has been our policy to do a 
radical pneumonectomy whenever the in- 
dications are deemed clinically suitable. 
From 1949 through the first half of 1951 
(cases suitable for five-year evaluation) 
there were 74 radical pneumonectomies 
performed, and of this group 20 have sur- 
vived more than five years (27 per cent 
five-year salvage). 


SUMMARY AND CONCLUSIONS 


From a review of 3,073 cases it appears 
that irradiation and chemotherapy should 
not be the primary treatment in the man- 
agement of cancer of the lung, but should 
be reserved for possible palliation. Exci- 
sional lung surgery, when it can be success- 
fully carried out, gives the patient with 
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cancer of the lung a 25 per cent chance of 
five-year survival. 

A review of 61 cases of so-called “cure” 
does not reveal a pattern or a common 
denominator which would set these fortu- 
nate patients apart from the ones who died 
of their disease. 

For cancer of the lung, pneumonectomy 
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is without doubt the treatment of choice, 
When radical pneumonectomy can_ be 
carried out, the patient has an increased 
chance of surviving five years. 


Memorial Center 
444 E. 68th Street 
New York, New York 
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COMBINED ROENTGEN THERAPY AND NITROGEN 
MUSTARD IN CARCINOMA OF THE LUNG AS 
COMPARED TO OTHER METHODS* 


By K. L. KRABBENHOFT, M.D., and T. LEUCUTIA, M.D. 


DETROIT, MICHIGAN 


of the lung presents a dis- 
couraging therapeutic problem from 
the standpoint of both the surgeon and the 
radiologist. Its increased incidence has 
served to bring the shortcomings of the 
management of this disease into sharper 
focus. Carcinoma of the stomach has long 
been the most frequently encountered neo- 
plasm in the male, but malignancy of the 
lung is rapidly overtaking it. We have 
noted a sharp increase in recent years in 
the number of cases referred for consulta- 
tion and therapy. 

The great majority of patients with this 
condition are found to have progressed to 
an inoperable stage due to the insidious and 
silent onset of the disease and to delays of 
the patient in presenting himself for exami- 
nation. 

Overholt and Bougas* have recently re- 
ported 51 cases of lung cancer surviving five 
years. In all of these cases the diagnosis 
was originally made by roentgenographic 
examination, followed by exploratory 
thoracotomy and then surgical excision by 
lobectomy or pneumonectomy. This is one 
of the largest series of five-year survivals 
reported for this difficult disease and under- 
scores the fact that curative therapy is per- 
force surgical in all but a few instances. 

Roentgen therapy as applied to carci- 
noma of the lung is generally palliative in 
nature, the question having been one of 
optimal dosage leve!s until the past fifteen 
or twenty years. The development of super- 
voltage and megavoltage apparatus with 
energies in excess of I to 2 mev., and more 
recently the betatron, linear accelerator and 
isotope teletherapy apparatus, has resulted 
in a tendexcy toward higher tumor doses 
and their attainment has dominated the 


clinical approach. Yet, the question of op- 
timum dosage remains unsettled and it is 
claimed by some that no correlation exists 
between an increase in tumor dose from 
moderate (2,500 to 3,500 r) to high levels 
(4,000 to 6,000 r). 

We have reviewed 788 cases of carcinoma 
of the lung seen at Harper Hospital in the 
Department of Radiation Therapy in the 
period from 1922 through 1956, and have 
analyzed the results of various methods of 
treatment exclusive of surgical procedures 
in 393 histologically proved cases. Table 1 
gives a compilation of all cases showing the 
marked increase in the incidence of lung 
carcinoma in recent years. Survival time 
was taken as a criterion of treatment efh- 
cacy to obviate the inaccuracy inherent in 
evaluating subjective and symptomatic im- 
provements. The figures thus obtained 
may be considered conservative since all 
accidental and unrelated deaths were 
attributed directly to the disease and these 


TaBLe I 


INCREASE IN INCIDENCE OF CARCINOMA 
OF THE LUNG 


No. of Cases Percentage 


No. of Histologi- | Histolog- 
Years Cases cally ically 
Proved Proved 
1922-1926 | 5 
1927-1931 28 12 42.8 
1932-1936 67 25 37-3 
1937-1941 99 34 34-3 
1942-1946 135 42 31.1 
1947-1951 194 106 54.6 
1952-1956 250 174 69.6 
Total 35 778 393 50.5 


* Presented at the Thirty-ninth Annual Meeting of the American Radium Society, Quebec City, Quebec, Canada, May 29-June 1 
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TABLE IIT 


INCIDENCE OF HISTOLOGIC TYPES OF CARCI- 
NOMA OF THE LUNG 


No. of | Percent- 


Cases | age 

Squamous cell carcinoma | 82 | 20.8 

Adenocarcinoma 35 8.9 
Oat cell and undifferentiat- 

ed cell carcinoma | 259 66.0 

Alveolar cell carcinoma a 0.7 


Total 393 100 


cases were included in the study. Where the 
patient was lost to follow-up, he was pre- 
sumed dead as of the last date of contact, 
which in several instances occurred immedi- 
ately after the initial treatment series had 
been administered. These cases  signifi- 
cantly lower the over-all survival rates. 
The 393 cases of histologically proved 
carcinoma of the lung constituting the body 
of this study were diagnosed by bronchos- 
copy, exploratory thoracotomy, the ex- 
pectoration of tumor tissue in one instance, 
and scalene or supraclavicular lymphade- 
nectomy combined with classic chest roent- 
genographic manifestations of carcinoma of 
the lung. Lesions of the trachea, pleura and 
mediastinum were excluded. The relative 
incidence of the various cell types is shown 
in Table 1. Pancoast tumors, although 
usually adenocarcinomas histologically, are 
classified separately due to their rather 
distinct clinical characteristics and due to 
an early method of classification in which 
the exact cell type was not recorded. 
Originally only 200 kv. roentgen therapy 
was used. In 1932, 550 kv. therapy was in- 
stituted and from 1929 through 1945, 30 
patients were treated with a combination 
of roentgen therapy and_ intrabronchial 
radium. The more recent introduction of 
chemotherapeutic agents in cancer manage- 
ment added another valuable approach and 
since nitrogen mustard gave promise of 
therapeutic effectiveness in cancer of the 
lung, it was felt that the combined use of 
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nitrogen mustard and roentgen therapy 
might offer greater palliative relief than 
either agent alone. Consequently, since 
January, 1947, and continuing to the pres- 
ent time, nitrogen mustard was adminis. 
tered in combination with the course of 
roentgen therapy in a routine fashion. The 
purpose of this study is to compare the re- 
sults of combined roentgen therapy and 
nitrogen mustard with those formerly ob- 
tained by other methods of treatment. 


COMBINATION OF ROENTGEN THERAPY 
AND INTRABRONCHIAL RADIUM 


Those cases which have been treated 
with roentgen therapy and intrabronchial 
radium are classified separately because of 
their exceptionally long survival times. 
Table 11 shows that the average survival in 
months for 30 cases treated from 1929 to 
1945 was 41.6 months. This very favorable 
figure is apparently due to the early stage of 
disease in the patients so treated and to the 
fortunate ability of delivering adequate 
dosages to a limited section of the bronchus. 
An average dose of 4,460 r, was delivered to 
a depth of 1 cm. in addition to that de- 
livered with external roentgen therapy. The 
longest survival in this group of cases was 
twenty-four years and two months, and the 


TaB_e III 


ROENTGEN THERAPY AND INTRABRONCHIAL RA- 
DIUM IN CARCINOMA OF THE LUNG 


| _ Average Sur- 


Year | No. of Cases vival (mo.) 
| 

1929 I 281.0 
1932 I 290.0 
1933 3 3-7 
1934 3 127.6 
1935 1 10.0 
1937 5 4.56 
1939 4 28.7 
1940 3 4-3 
1941 2 10.0 
1942 4 8.5 
1943 2 | 14.5 
1945 I 12.0 
Total | 30 | 41.6 
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shortest survival was only nine days. This treated by a combination of roentgen 

method has not been used since 1945 due therapy and intrabronchial radium. 

to a marked advance in thoracic surgery. Case 1. A forty year old white male was first 

Most of these early cases now undergo seen in 1932, at which time a histopathologic 

lobectomy or pneumonectomy. diagnosis of squamous cell carcinoma of the 
The following are illustrative cases bronchus was made. Figure 14 shows an area 


Fic. 1. Case 1. Right lower lobe bronchogenic carcinoma treated with external roentgen therapy and intra- 
bronchial radium. (4) Extensive area of obstructive pneumonitis involving the right middle and lower 
lobes. (B) Radium tube in situ in right lower lobe bronchus. (C) Appearance of chest twelve years sub- 
sequently with little significant pulmonary change. (D) Roentgenogram twenty-two years after treatment 
demonstrating some fibrosis in the right lower ‘ung. 
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of extensive obstructive pneumonitis. In Figure 
1B the first radium insertion is seen three weeks 
following the initial series of roentgen therapy, 
and after the pneumonitis has cleared. A 
second series of treatment was given two 
months later. In 1944, the patient developed 
cough and pain in the right lower chest but no 
change was seen in the chest roentgenogram 
at this time (Fig. 1C). The last roentgenogram 
(Fig. 1D) was made ten years later and showed 
slight contraction in the lung parenchyma. The 
patient has been symptom free and well to 
date. 


Case 11. A thirty-six year old white female 
was examined in 1934 and a diagnosis of 
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cylindrical cell carcinoma of the right lower 
bronchus was made by bronchoscopy and 
biopsy. The first series of treatment consisted 
of external roentgen therapy and intrabronchial 
radium insertion. The first radium insertion was 
done August 13, 1934 as shown in Figure 24, 
A limited parenchymal reaction to the radium 
therapy was seen six weeks later (Fig. 2B). A 
roentgenogram made at ten weeks (Fig. 2C) 
showed a more marked degree of radiation re- 
action, and the last roentgenogram in Sep- 
tember, 1956, demonstrated the extent of 
pulmonary contraction twenty-two years later 
(Fig. 2D). During recent years the patient has 
had some degree of cough, right chest pain, and 
asthmatic episodes. 


Fic, 2. Case 1. Right lower lobe bronchogenic carcinoma treated with external roentgen therapy and intra- 
bronchial radium. (4) Radium tube in situ in right lower lobe bronchus. (B) Local parenchymal reaction 
six weeks later. (C) Area of reactive pneumonitis ten weeks following therapy. (D) Extent of pulmonary 
fibrosis and contraction twenty-two years later with right mediastinal shift, elevation of right leaf of 


diaphragm and right tracheal deviation. 
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Fic. 3. Case 1. (4) Left lower lobe carcinoma treated with external roentgen therapy and intrabronchial 
radium. (B) Roentgenogram of the chest twenty-one years later, showing some atelectasis of the left 


lower lobe concealed by cardiac silhouette. 


Case 11. A thirty-one year old white male 
first developed hemoptysis i in August, 1926. A 
bronchoscopic examination with biopsy per- 
formed in February, 1929, revealed a carcinoma 
in the left lower lobe bronchus. Figure 34 
shows the status at the time treatment was 
first instituted. The patient received two series 
of deep roentgen therapy and had two inser- 
tions of intrabronchial radium. He remained in 
good health until 1945 when he experienced 
another episode of hemoptysis and melena. 
Only an atelectasis of the left lower lobe was 
found at that time. Examination in February, 
1950 (Fig. 3B), revealed some contraction of 
the left lower lobe behind the heart. 

Early in 1952 the patient had a massive 
hemoptysis, and bronchoscopy at this time re- 
vealed an undifferentiated carcinoma of the 
bronchus. A posteroanterior and lateral chest 
roentgenogram (Fig. 3, C and D) made on 
February 29, 1952 again demonstrated the 
atelectasis of the left lower lobe. On April 24, 
1952 a left pneumonectomy was done which 
revealed a poorly differentiated pulmonary 
adenocarcinoma arising from a bronchial ade- 
noma and exhibiting subpleural metastases. A 
roentgenogram on that date (Fig. 3Z) revealed 
the status immediately after operation. The 
chest roentgenogram five months after the 
pneumonectomy revealed metastases in the 
right lung field (Fig. 3F). The patient expired 


one month later. 


COMPARISON OF COMBINED ROENTGEN 
THERAPY AND NITROGEN MUSTARD 
WITH ROENTGEN THERAPY ALONE 


Three hundred and fifty-eight of the 393 
proved cases were treated by roentgen 
therapy alone or by roentgen therapy in 
combination with nitrogen mustard. No de- 
finitive surgery was done in this category; 
those having undergone exploratory thora- 
cotomy were found to be inoperable. This 
is graphically demonstrated in Table tv 


IV 


METHOD OF TREATMENT IN CARCINOMA 
OF THE LUNG 


Average 


No. of Survival 
Cases (mo.) 


therapy intra- 
bronchial radium* 30 41.6 

Roentgen therapy onlyt | 13 

Roentgen therapy and nitro- 


gen mustardt 226 7.45 
mustard only§$ 5 3 
Total 393 


Mostly cases. 

+ Many early cases included. 

t Only inoperable cases included (used since 1947). 
§ All terminal cases. 
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Fic. 3. Case 111. (C and D) Posteroanterior and lateral roentgenograms of the chest twenty-three years later 
demonstrating recurrence of the carcinoma of the left lower lobe. (£) Status after left pneumonectomy. 
(F) Hydropneumothorax persisting; metastases now present in right lower lung. 


where the over-all average survival of cases 
treated by various methods is tabulated. 
The 5 cases treated with nitrogen mustard 
only and averaging a survival of three 
months would obviously be far advanced. 
The average survival of 7.45 months for 226 
cases treated by roentgen therapy and 
nitrogen mustard is somewhat misleading 
as compared with the results of roentgen 
therapy alone yielding an average survival 
of 8.8 months in 132 cases. This is due to 
the inordinately high survival rate in a 
limited number of cases included in the lat- 
ter group treated by supervoltage roentgen 


therapy only and consisting largely of pa- 
tients with relatively early stages of disease 
and it, therefore, tends to contradict the 
results of treatment as seen in Table v. 
Table v is a compilation of survival times 
based on those patients living less than 
three months, less than one year and more 
than one year, and subdivided according to 
histologic type. It reveals that where roent- 
gen therapy alone was used, 37.9 per cent of 
the cases so treated lived less than three 
months, $0 per cent lived less than one year 
and 12.1 per cent lived more than one year. 
When nitrogen mustard was added to the 
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TABLE V 
SURVIVAL RATE ACCORDING TO HISTOLOGIC TYPE AND METHOD OF TREATMENT 
IN CARCINOMA OF THE LUNG 
ae Oat Cell | | 
ee Ad and Un- Pp Alveo- 
Method ‘Cell €no- | differen-| lar Cell | Total | Percent- 
etnoc Surviva | C e ' carcil- tiated | coas | Carci- ota age 
cinoma 
Roentgen therapy Less than 3 mo. 10 3 I so 
alone _Lessthani12mo. 1§ 6 66 50 
More than 12 mo. | 3 a ae I 16 12.1 
Total | 132 | 100 
Roentgen therapy Less than 3 mo. | ye 40 2 66 29.2 
and nitrogen Lessthani2mo.) 28 II 89 2 2 132 58.4 
mustard More than 12 mo. 4 4 20 28 12.4 
Total 226 100 
Nitrogen mustard Less than 3 mo. | 2 2 4 80 
alone Less than 12 mo. | I 20 
Total | | 
Roentgen therapy Less than 3 mo. | =) 4 5 7 23.3 
and intrabron- Less than 12 mo. 3 | 8 II 36.7 
chial radium More than 12 mo. | I , 12 40 
Total | 30 100 


therapeutic plan, the percentage of patients 
living less than three months was 29.2 per 
cent, whereas the percentage of thcse living 
less than twelve months was 58.4 per cent 
and of those living more than one year was 
12.4 per cent. It can thus be seen that about 
8 per cent of the patients lived up to nine 
months longer when roentgen therapy and 
nitrogen mustard were used together. 

The following cases are cited because of 
rather unusual features: 


Case tv. A fifty-eight year old white female 
was first seen in 1951 with a history of occa- 
sional hemoptysis. Figure 4, 4 and B shows the 
status of the lung at that time. A bronchoscopy 
revealed narrowing of an extrinsic type in the 
basal division of the right lower lung. Bronchial 
washings revealed Papanicolaou cells of Grade 
i (atypical cells, probably malignant). A right 
exploratory thoracotomy disclosed an inoper- 


able mass, and a biopsy demonstrated adeno- 
carcinoma of the lung. The patient received two 
series of roentgen therapy and nitrogen mus- 
tard. The tumor mass regressed only slightly 
following this therapy. 

A roentgenogram of the chest made ap- 
proximately five years later (Fig. 4C) revealed 
only a slight increase in the tumor mass. The 
patient experienced slight fatigability but no 
other symptoms. During the past year she has 
begun to have left hip and back pain. 

A lateral roentgenogram of the lumbar spine 
(Fig. 4D) made in April, 1957, demonstrated 
destruction of the neural arches of L 3 and L 4. 
These metastases were treated with roentgen 
therapy with good symptomatic relief. 


Case v. A seventy-two year old colored 
female exhibited a left lower thoracic lesion 
(Fig. 54) in November, 1952. The mass seen 
was not detected exteriorly but a biopsy re- 
vealed a primary oat cell carcinoma of the lung. 
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Fic. 4. Case 1v. Right lower lobe carcinoma with prolonged growth restraint following roentgen therapy 
combined with nitrogen mustard. (4 and B) Posteroanterior and lateral roentgenograms reveal a large 
neoplasm involving posterior segment of right lower lobe. (C) Five years following therapy, some enlarge- 
ment has occurred. (D) Lateral roentgenogram of lumbar spine showing metastases to the neural arches of 


L3andL 4. 


Following this, an effusion rapidly developed 
(Fig. 5B) and it appeared as if the entire chest 
wall had become infiltrated. Roentgen therapy 
was instituted and the patient showed com- 
plete regression of the chest lesion two months 
later, but at this time a mass appeared in the 
pelvis causing lymphedema of the left lower 
extremity. 

A second series of treatment was adminis- 
tered over the lung and pelvis. Two months 


later only a slight residual effusion remained 
(Fig. 5C). No evidence of recurrence was noted 


and the patient has remained well to date 
(Fig. 5D). 


Case vi. A fifty-two year old white female 
first developed pleural effusion in March, 1952 
(Fig. 6.4). This proved to be hemorrhagic and 
contained malignant cells. Thirty-seven milli- 
curies of radiogold (Au!%8) were administered 
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Fic. 5. Case v. Oat cell carcinoma exhibiting marked radiosensitivity. (4) Extrapleural mass of left lower 
lateral thoracic wall. (B) Effusion largely obscures left lung with associated extensive involvement of 
entire chest wall clinically. (C) Chest roentgenogram following therapy shows regression of left pleural 
effusion and mass. (D) No residual or recurrent disease was noted five years later. 


intrapleurally. Two weeks later (Fig. 6B) the 
effusion was as yet unresolved. In June, 1952, 
three months later (Fig. 6C) the effusion had 
largely resorbed and a small peripheral nodule 
was evident. Five months later (Fig. 6D), 
complete clearing of the effusion had occurred. 
At this time a right thoracotomy was performed 
with a biopsy of a puckered area over the 
nodule, a nodule on the diaphragm and a nodule 
on the anterior chest wall, all of which proved 
to consist of adenocarcinoma surrounded by 
marked areas of fibrosis. Five days later (Fig. 
6E), in the immediate postoperative period, the 
peripheral nodule was seen clearly. Two series 
of external roentgen therapy and nitrogen 
mustard were then administered. One month 
after completion of the second treatment series 
(Fig. 6F) pleural reaction was present but there 
was no other change. About eighteen months 


later (Fig. 6G), severe contracture of the right 
lung had become evident with marked tracheal 
deviation. The patient had cough, dyspnea and 
other symptoms of pulmonary insufficiency. 
Markedly diminished aeration in the right lung 
(Fig. 6H) with probable bronchiectatic suppura- 
tive changes, in addition to the tracheal devia- 
tion, was seen two years after combined therapy. 
An angiogram in May, 1957 revealed no circu- 
lation in the right lung. A right thoracoplasty 
was performed resulting in marked relief of the 
cough, dyspnea, pain, and other symptoms. 


TECHNIQUE 


Our technique in administering roentgen 
therapy with both 200 kv. and 550 kv. con- 
sists in the use of parallel opposing fields 
over the mediastinum and affected lung 
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Marcu, 1968 


Fic. 6. Case vi. Small primary peripherally located parenchymal lesion. (4) Right pleural effusion associated 
with peripheral parenchymal nodular lesion. Appearance following intrapleural administration of radioactive 
colloidal gold at (B) two weeks, (C) three months, and (D) five months. 


areas. The fields are kept as small as is con- 
sistent with adequate treatment, in order 
to protect as much of the lung parenchyma 
as possible. Where the carcinoma is exten- 
sive and it becomes necessary to fibrose 
part of the lung, this is accepted as a neces- 
sary complication. The localization of the 
treatment fields is accomplished by the use 
of conventional roentgenograms, operative 
descriptions, bronchoscopic findings and 
physical examination. Where necessary, 


auxiliary procedures such as laminagraphy, 
angiography and over-penetrated films are 
employed. We have experienced relatively 
few of the complications resulting from very 
intensive irradiation, such as hemorrhage, 
the development of bronchopleural fistulas 
or lung fibrosis by keeping the field size as 
small as possible. It is our feeling that 


radical roentgen therapy in carcinoma of 


the lung is indicated primarily where there 
is localized disease in nonresectable areas 
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due to location such as in the carina or 
about the great vessels which might cause 
immediate respiratory embarrassment. 

The nitrogen mustard is administered in 
doses of 0.1 mg. per kg. daily for four con- 
secutive days. Usually a maximum dose of 
§ mg. is given per day. It is administered in- 
to the tubing of an intravenous saline infu- 
sion. Our custom is to give the roentgen 
therapy in the morning and to inject the 
nitrogen mustard in the afternoon during 


a, 
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the first four days of the treatment series. 
Thereafter, the roentgen therapy is con- 
tinued in the usual manner. 


DISCUSSION 


The combined use of nitrogen mustard 
and radiation therapy brings to bear upon a 
dificult palliative problem two agents 
known to effect significant degrees of 
symptomatic relief in inoperable lung can- 
cer. Watson’ has reported that he obtained 


Fic. 6. Case vi. Five months after the original diagnosis right thoracotomy and multiple biopsies were 
performed. (£) Five days postoperatively. At this time two series of roentgen therapy and nitrogen 
mustard were given. (F) One month, (G) eighteen months, and (H) two years later. The appearance of 
the chest remained the same for the ensuing four years. 
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a definitely better survival rate with com- 
bined nitrogen mustard and _ roentgen 
therapy. He was encouraged to the point 
of combining betatron irradiation and 
chemotherapy in the management of these 
cases. Others have found that there is a 
significant improvement in symptomatic 
relief of these patients. Some authors con- 
tend that the life span is not lengthened al- 
though clinical results with the combined 
treatment show greater objective evidence 
of tumor regression. 

The action of nitrogen mustard has been 
well documented. It is a radiomimetic sub- 
stance affecting cellular constituents in the 
same manner as radiation. It vigorously 
depresses rapidly growing and actively pro- 
liferating neoplastic tissue as well as normal 
cytologic groups sensitive to irradiation. It 
has been shown by Seligman, Friedman and 
Rutenburg® by the tagging of nitrogen 
mustard with I"! that the material is first 
deposited or fixed in pulmonary tissue. 

Roswit and Kaplan‘ have employed 
nitrogen mustard in the treatment of some 
40 patients with carcinoma of the lung when 
irradiation was no longer feasible or effec- 
tive. Of this group 30 patients experienced 
subjective 1 improvement and 19 showed ob- 
jective improvement. Remissions from one 
to seventeen weeks with an average of three 
and one-half weeks were noted. They also 
collected 254 cases from the literature (not 
all carcinoma of the lung, however) which 
had been treated with nitrogen mustard 
up to 1951. Of these, 134, or 52.8 per cent 
were observed to have had a favorable 
response. None of these cases were given 
nitrogen mustard and roentgen therapy 
simultaneously. They concluded that nitro- 
gen mustard should never be used in place 
of roentgen therapy but that, in spite of 
limitations, it provides a valuable adjunct 
to irradiation in the management of in- 
operable bronchogenic cancer. In a later 
paper dealing with superior vena caval ob- 
struction, Roswit and his co-workers® used 
nitrogen mustard and roentgen therapy 
concurrently, but concluded on the basis of 
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4 cases, that no apparent improvement 
was observed over either agent used alone. 
Garland and Sisson! have shown in a re. 
cent report that moderate tumor doses of 
from 1,500 to 3,000 r in four weeks gave an 
average survival of 8.3 months as compared 
with an average of 5.3 months survival ina 
group of cases which were preponderantly 
treated with less than a 1,500 r tumor dose, 
They concluded that moderate dosage levels 
are palliatively useful but that heavy doses 
occasionally can be curative. Anaplastic 
tumors responded better than squamous 
cell lesions, which coincides with our ex- 
perience. The histologic structure, however, 
does not permit a prediction as to the 
radiosensitivity of a given tumor. 

Guttmann’ has reported on the results in 
100 patients with inoperable carcinoma of 
the lung treated by 2 mev. radiation 
therapy and indicates that those patients 
living longer than eighteen months received 
5,000 r in five weeks, or 6,000 r in six weeks, 
This would tend to indicate that increasing 
tumor dose would give a proportionately 
longer survival. Some authors contend 
that such a relationship has not been es- 
tablished. It would seem that the moder- 
ate doses employed in our series indicate 
no direct relationship between dosage levels 
and degree | of longevity, although a distinct 
difference is seen in cases receiving only 
minimal doses as compared with those re- 
ceiving moderate doses. 

The combined use of roentgen therapy 
and nitrogen mustard tends to improve the 
early survival rates within the first year as 
has been pointed out by Watson,’ despite 
rather disappointing over-all results. In 
general, our results of treatment coincide 
with previously published statistics. Oat 
cell carcinomas are definitely better palli- 
ated with the combined method than le- 
sions of other cell types. In Table vi, 57 
cases are listed which survived longer than 
one year, representing 14.5 per cent of the 
entire group of 393. 

Since March, 1957, we have treated 
carcinoma of the lung with 2 mev. roentgen 
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Taste VI 
CASES SURVIVING MORE THAN ONE YEAR IN CARCINOMA OF THE LUNG 
| | | | Oat Cell | 
Squamous| Adeno- |and Undif-| p 
Or | Cell Car- | carci- ferentiated 
| aseS cinoma | noma _ | Cell Car- | 
| cinoma | 
One to Two Years 
Roentgen therapy alone II 7 | 8 
Roentgen therapy and nitrogen mustard | 25 3 20 
Roentgen therapy and intrabronchial radium 2 | 2 
Total 38 5 3 | = 
Two to Five Years 
Roentgen therapy alone 3 2 I 
Roentgen therapy and nitrogen mustard 6 3 I 2 | 
Roentgen therapy and intrabronchial radium I | I 
Total 10 3 I 5 I 
More Than Five Years 
Roentgen therapy alone 3 I 2 
Roentgen therapy and nitrogen mustard 2 2 
Roentgen therapy and intrabronchial radium | 4 4 
I 8 


Total 9 


therapy obtained with a Van de Graaff 
unit. The program of combined treatment 
with nitrogen mustard will be continued 
utilizing this higher energy in order that the 
highest degree of palliation can be realized 
and to enable further comparative studies 
to be made in the future. 


CONCLUSIONS 


The results of this study indicate that 
the concomitant administration of nitrogen 
mustard with roentgen therapy of both 200 
kv. and 550 kv. energies has improved the 
early survival rates, increasing the per- 
centage of cases living up to one year from 
§O per cent to 58.4 per cent in the undiffer- 
entiated and oat cell types. This does not 
represent a marked increase but is felt to 
warrant the continuation of a program of 
combined roentgen therapy and nitrogen 


mustard in the management of inoperable 
carcinoma of the lung. The rather favorable 
results obtained in the treatment of carci- 
noma of the lung with roentgen therapy 
and intrabronchial radium have been dem- 
onstrated to be due to the early stages of the 
disease in this group of patients, a group 
which is now treated primarily by surgical 
means. Lesions of oat cell or undifferent- 
iated cell type respond better to all forms 
of therapy exclusive of surgical methods, 
but particularly well to the combination of 
roentgen therapy and nitrogen mustard. 


Harper Hospital 
Detroit, Michigan 
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EXPERIENCES IN THE TREATMENT OF INOPERABLE 
CARCINOMA OF THE LUNG WITH 2 MV. AND 
COBALT 60 IRRADIATION* 


By RUTH J. GUTTMANN, M.D. 


NEW YORK, NEW YORK 


N 1955 I reported on a series of 100 pa- 

tients with far advanced, inoperable 
carcinoma of the lung, whom we had 
treated at the Francis Delafield Hospital, 
New York City, with 2 million volt irradia- 
tion.’ I stated at that time that our at- 
tempt to treat these patients had been 
subjectively and objectively encouraging. 
Since this paper is in parts a close follow- 
up of that original report, a brief summary 
of the type of patient material and the re- 
sults that were brought out in my previous 
paper is of interest. 

Fifty of a total of 100 patients had sur- 
gery of some kind prior to radiation therapy 
because their disease had been considered 
clinically operable. In 40 patients only an 
exploratory thoracotomy was performed 
while 10 patients had palliative lobectomy 
or pneumonectomy with disease left behind. 

The other 50 patients were referred 
directly for radiation therapy because their 
disease was clinically too far advanced for 
surgical intervention. Forty-eight of these 
patients were known to have metastases to 
at least one of the following areas: medias- 
tinum, hilar lymph nodes, supraclavicular 
lymph nodes, the opposite lung, peri- 
cardium, axilla and pleura. A great number 
had metastases to several of the foremen- 
tioned areas. Altogether these 100 patients 
represented a group with far advanced 
carcinoma of the lung. 

Sixteen patients died during therapy or 
immediately after completion of treatment. 
Sixty-three of the remaining 84 had experi- 
enced relief after treatment from their 
most distressing symptoms: cough, pain, 
dyspnea and hemoptysis. The time of 


survival of this series of patients is shown 
in Table 1. 


PRESENT MATERIAL 


From January 1, 1951 to October, 1956, 
we have treated a total of 144 patients with 
far advanced inoperable carcinoma of the 
lung showing metastases to supraclavicular, 
hilar and mediastinal lymph nodes, or in- 
vasion of pleura, pericardium or chest wall. 
One hundred and thirty-four patients were 
treated with the 2 mv. unit and Io patients 
with the cobalt 60 unit. The preferred treat- 
ment of peripheral lung lesions was with 
the stationary 2 mv. unit. Rotation therapy 
or scanning does not offer any advantage 
but is, in my opinion, definitely contra- 
indicated, because much of the healthy 
neighboring tissue is exposed to irradia- 
tion unnecessarily (Fig. 1 and 2). 

Our approach has been through two large 
opposing fields on the 2 mv. unit with a 


TaB_e I 


SURVIVAL TABLE OF FIRST IOO PATIENTS 


SURVIVAL TIME 


NUMBER of PATIENTS 


| 


* From the Francis Delafield Hospital, Columbia University College of Physicians and Surgeons, New York, New York. Presented 
at the Thirty-ninth Annual Meeting of the American Radium Society, Quebec City, Quebec, Canada, May ‘29-June 1, 1957. This 


work was supported in part by a grant from the National Cancer Institute of the National Institutes of Health, Public Health Service, 
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Fic. 1. Cross-section through thorax. Field arrange- 
ment and dosage with cobalt 60, full r tation, 
demonstrating the high dosages delivered to spinal 
cord and opposite hilar area. 


half-value layer of 7 mm. of Pb at a target 
skin distance of 100 cm. The daily tumor 
dose was 200 r for a total tumor dose of 
5,000-6,000 r delivered in five to six weeks. 
Thus we were able to give a homogeneous 
dose throughout the treated areas without 
impairment of healthy neighboring tissue 
as, for instance, the spinal cord (Fig. 3). 
The general tolerance to this type of 
irradiation was excellent. Patients who 
had been ambulatory at the beginning of 
treatment were able to continue on that 
basis; others who had been hospitalized 
at the beginning of therapy, became out- 
patients during the course of treatment. 
The skin received a dose of 7,150 r for a 


Fic. 2. Cross-section through thorax. Field arrange- 
ment and dosage with cobalt 60, scanning from 
330° to 210°, showing that the spinal cord and. 
opposite hilar area still receive a high dose. 
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Fic. 3. Cross-section through thorax. Field arrange- 
ment and dosage with 2,000 kv. unit, opposing 
15X15 cm. ports. 


tumor dose of 6,000 r which was tolerated 
extremely well. The only reaction was an 
erythema which was very faint in most pa- 
tients and in only a few instances was it 
dark red. This easy and efficient approach 
cannot be duplicated with the cobalt 60 
unit because of the difference in the isodose 
pattern. Due to the considerable fall-off at 
the margins a larger field would be neces- 
sary with the cobalt 60 unit, which, of 
course, would include more of the healthy 
tissue (Fig. 4). 

All patients had their diagnosis verified 
microscopically (Table 11). Carcinoma 
without further histologic specification was 
present in 58 patients, squamous cell 
carcinoma in 44 patients, undifferentiated 
carcinoma in 20, adenocarcinoma in 13, oat 
cell carcinoma in 5, thymoma in 2 and 
mesothelioma in 2. 


Fic. 4. Cross-section through thorax. Field arrange- 
ment and dosage with cobalt 60 unit, opposing 
15 X15 cm. ports. 
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TABLE II 


MICROSCOPIC CLASSIFICATION 


Number of 


Microscopic Classification : 
pic Classificatio Patients 
Carcinoma 58 
Squamous cell ca. 44 
Undifferentiated ca. 20 
Adenocarcinoma 13 
Oat cell carcinoma 5 
Thymoma 2 
Mesothelioma 2 
144 


RESULTS 


In evaluating the results our previous 
impression, namely, that a very high per- 
centage of the patients benefited greatly 
from the treatment and showed excellent 
symptomatic improvement was confirmed. 
Cough, dyspnea, pain and hemoptysis 
disappeared, and the patients were able to 
leave the hospital, continue their work and 
live more comfortably for various periods 
of time. 

Roentgenographically, the majority of 
these patients showed relatively little 
change. Only a minority had complete dis- 


Fic. 5. Chest roentgenogram before 
beginning of therapy. 
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appearance of the lesion after therapy. 
Among the latter group was a fifty-four 
year old patient with a five month history 
of cough, hemoptysis and weight loss. 
There was a large mass in the right lower 
lobe (Fig. 5) for which an exploratory 
thoracotomy was performed. The tumor, 
histologically diagnosed as carcinoma, had 
invaded the parietal pleura and the peri- 
cardium, and was deemed to be inoperable. 
The patient was referred for radiation ther- 
apy. He was treated in the previously de- 
scribed fashion, receiving a tumor dose of 
5,800 r in six weeks. He tolerated the treat- 
ments extremely well and all his complaints 
disappeared. Figure 6 shows complete dis- 
appearance of the tumor four months after 
termination of the therapy. The patient is 
asymptomatic at the present and works full 
time. 

The lack of dramatic changes in the 
roentgenograms is not necessarily a poor 
prognostic sign. Figure 7 represents a chest 
roentgenogram of a sixty-four year old pa- 
tient who had complaints of weakness, 
cough and clubbing of his fingers for four 
months prior to the examination. This chest 


Fic. 6. Chest roentgenogram four months 
after completion of therapy. 


3 
1g 
1, 
d 
4 
3 
‘ 


Ruth J. Guttmann Marcu, 1958 


Fic. 7. Chest roentgenogram before 
beginning of therapy. 


Fic. 8. Laminagram of left chest before 


beginning of therapy. 


roentgenogram was taken in February, 
1954, and showed a large mass in the an- 
terior mediastinum together with a diffuse 
haze occupying the left lower lung field, 
The mass was better seen in a laminagram 
which was made at the same time (Fig. 8), 
The histologic diagnosis was carcinoma, 
The patient received a full course of 2 my, 
roentgen therapy with the standard tech- 
nique. A roentgenogram of the chest after 
completion of treatment showed no signifi- 
cant change (Fig. 9). Additional roentgeno- 
grams two years (Fig. 10) and again more 
than three years later (Fig. 11) revealed 
identical appearances. The patient is a 
machine operator who is working full time 
and is asymptomatic. 

Obviously, such large tumors, which 
often have already caused many changes in 
surrounding tissues, do not melt away un- 
der radiation therapy. Radiation pneumo- 
nitis, pleurisy and later fibrosis appear 
quite frequently, persisting for the dura- 
tion of the patient’s life. How much, there- 
fore, of the original tumor shadow remains 
is impossible to determine by subsequent 
follow-up roentgenologic studies. 

As regards the end results in the 144 pa- 


Fic. 9. Chest roentgenogram after 
completion of therapy. 
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Fic. 10. Chest roentgenogram two years 
after completion of therapy. 


tients, it was very interesting to note that 
this larger group bore out the observations 
made on the first 100 patients two years ago 
(Table 111). 

Again the large number of patients 
who died one to twelve months after com- 
pletion of therapy, namely 96, is striking. 
These are the patients whose autopsies 
showed generalized disease, which ob- 


Taste III 


SURVIVAL TABLE OF 144 PATIENTS 


SURVIVAL TABLE 
144 Patients 


NUMBER of PATIENTS 
8 


1 3 6 9 12 5 16 2t 24 27 30 33 36 39 48 Si 60 63 


TIME IN MONTHS 
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Fic. 11. Chest roentgenogram more than three years 
after completion of therapy. 


viously had been present at the time of the 
beginning of therapy. 

More significant is the group of 48 pa- 
tients who have lived for more than one 
year (Table 1v). Twenty-four of these have 
lived over eighteen months with 7 still liv- 
ing; 18 have lived more than twenty-one 
months; 14 have lived more than two years; 


IV 


SURVIVAL TABLE OF 48 PATIENTS WHO HAVE 
LIVED LONGER THAN TWELVE MONTHS 


4g SURVIVAL TABLET 
of 48 Patients who have 
lived longer than l2months 


NUMBER of PATIENTS 


24 27 
TIME IN MONTHS 
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10 have lived more than twenty-seven 
months with 6 still alive; 8 more than 30 
months with 4 still alive; 7 have lived more 
than thirty-three months; 5 more than 
three years, 3 of whom are still alive; and 
4 over four years with 2 still alive. One has 
lived over five years and is in excellent 
condition. One of the patients who had 
lived four years died in another hospital of 
a coronary thrombosis; no autopsy was 
obtained. 

We performed autopsies on 1g patients, 
who had died one to twenty-six months 
after radiation therapy. Sixteen patients 
showed practically identical findings. There 
was active disease in the lung along with 
radiation changes and widespread metas- 
tases. 

Three autopsies, however, showed com- 
plete control of the primary lesion. One 
patient died of brain metastases one month 
after completion of therapy, and one may 
assume that these metastases had been 
present at the time radiation therapy was 
started. The 2 other patients did not show 
any metastases. Multiple sections of the 
irradiated lungs were described by Doctor 
E. Sproul, pathologist, as showing “‘exten- 
sive fibrosis in the form of complete replace- 
ment and an advanced healed interstitial 
pneumonia.” 


CONCLUSION 


We have reported 144 cases of advanced 
carcinoma of the lung, which had spread 
in all cases to adjacent organs and/or dis- 
tant lymph node-bearing areas. 

It is evident that such material, because 
of the grave initial prognosis cannot be 
evaluated statistically, but each case must 
be judged on its own merits. One-third of 
the patients were kept alive for more 
than one year after completion of treat- 
ment; 48 survived in a decreasing number 
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for a steadily increasing number of months; 
and 4 lived for a period exceeding four 
years. 

Most of the patients have been treated 
with a 2 mv. roentgen-ray which in our 
opinion is superior to the cobalt 60 unit for 
carcinoma of the lung, provided the set-up 
we have described is used. Most impressive 
during the treatment were the excellent 
tolerance which the patients exhibited, the 
almost regularly displayed symptomatic 
improvement, and last, but definitely not 
least, the most gratifying objective success 
in many patients. Among the observations 
made in the course of this special study 
three are of considerable interest: (1) the 
missing correlation between clinical success 
and roentgenologic findings, (2) the appar- 
ently greater response of malignant lesions 
of the epithelium compared with those of 
glandular tissue, and (3) the microscopic 
proof that it is possible to sterilize even a 
large carcinoma of the lung with external 
radiation as previously outlined. 


Francis Delafield Hospital 
Columbia University College of 

Physicians and Surgeons 
New York, New York 
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THE ANEMIA OF CANCER* 


By GEORGE A. HYMAN, M.D. 


NEW YORK, NEW YORK 


N ANALYSIS of the anemia of cancer 
may involve many factors. Chronic 
and acute blood loss, particularly from the 
gastrointestinal tract and into intracavi- 
tary effusions, is common (Table 1). De- 
creased red blood cell production may be 
due to disturbances in protein synthesis, to 
inadequate intake, absorption, or storage 
of hematinic factors such as iron, folic acid, 
or vitamin By. Decrease in production of 
erythropoietin, the newly discovered mar- 
row-stimulatory hormone, may be in- 
volved.*:® The anemia may be contributed 
to by toxic depression due to infection, 
uremia, or a so-called “tumor toxin’ or 
infrequently, by replacement of hemato- 
poietic cells by tumor." In addition, more 
and more frequently, depressed erythro- 
poiesis is noted as an effect of radiation 
therapy, or anti tumor drugs.> Among the 
latter are the nitrogen mustard derivatives, 
6-mercaptopurine, the folic acid antago- 
nists, and others. 

Recently the hemolytic mechanism in 
the development of the anemia of cancer 
has been investigated as an outgrowth of 
the knowledge that patients with neoplastic 
disease, particularly lymphomas and leu- 
kemias occasionally develop overt hemo- 
lytic anemia.'® With the advent of simple 


TABLE I 


ANEMIA IN MALIGNANCY 


. Blood Loss 
. Nutritional—intake, storage, synthesis 

. Decreased Erythropoietin 

. Toxic Depression—infection, uremia,“tumor toxin” 
. Myelophthisic 

. Radiotherapy and Tumor Chemotherapy 

. Increased Hemolysis 


red blood cell labeling techniques, it has 
been demonstrated that an increase in 
hemolysis occurs regularly in patients with 
blood dyscrasias, such as leukemia and 
malignant tumors of the reticuloendothelial 
system.”* 

Initially, investigation in this laboratory 
was undertaken to study the red blood ceil 
survival rate in patients with carcinoma as 
well as in those with leukemia and lym- 
phoma." From this starting point, red blood 
cell production was then investigated em- 
ploying Fe®* techniques." Most recently the 
role of the so-called “hemolytic plasma 
factor” in these patients has been studied 
as a natural sequel of the earlier studies. 
These studies and their implications are 
presented in this report. 


MATERIAL AND PRELIMINARY STUDIES 


Fifty-one patients were studied with a 
variety of carcinoma. In these patients 
there was no demonstrable cause for anemia 
such as blood loss, nitrogen retention, or 
any recent therapy which might lead to 
anemia by depressing marrow function. 
The neoplastic disease was widely dis- 
seminated as evidenced by a positive mar- 
row aspiration in all cases, by roent- 
genographically demonstrable metastases, 
and /or ultimate necropsy. Of interest is the 
finding that marrow aspiration revealed 
tumor cells in more than one-third of the 
patients in whom skeletal roentgenographic 
survey alone was negative, a fact verified 
in a series of 103 patients with positive 
marrow aspirates (Table 11). Anemia was 
present in more than 90 per cent of the 
patients initially and eventually in all 
cases. 

Employing multiple standard clinico- 


* From the medical and pathologic services of Francis Delafield Hospital, the medical service of Presbyterian Hospital, and the 
College of Physicians and Surgeons, Columbia University, New York, New York. This work was supported in part by grants from 
the National Cancer Institute of the United States Public Health Service, and from the Hyman Goldburg Memorial Fund. Presented 
at the Thirty-ninth Annual Meeting of the American Radium Society, Quebec City, Quebec, Canada, May 29~June 1, 1957. Technical 


assistance was provided by Jane L. Harvey, M.T. (ASCP). 


‘ 
958 
h 
8; 
yur 
‘ed 
yur 
for 
up 
ve 
tic - 
ot 
> 
ns 
dy 
> 
ns 
of 
IC 
a 
al 
id 
| 
es 
35 
| 


512 George A. Hyman Marcu, 1958 
Taste II 
RESULTS OF SKELETAL SURVEY IN 103 PATIENTS WITH METASTATIC CARCINOMA 
IN BONE MARROW 
Skeletal Roentgenographic Survey 
Type of Neoplasm No. of Cases —— 
Pos Sugg. Neg. Generalized —_ Localized 

Ca Breast 46 34 3 9 27 4 
Ca Lung 24 8 3 13 3 5 
Ca Thyroid 4 3 ° I I 2 
Mal. Melanoma 4 3 ° I 2 I 
Ca Site Unknown 7 2 I 4 ° 2 
Ca Kidney 3 I ° 2 I ° 
Ca Prostate 5 5 ° ° 5 fe) 
Ca Stomach 1 3 1 ° 
Ca Bronchogenic 4 ° ° 4 ° ° 
Ca Liver I ° I ° 
Ca Cervix I ° I ° 

Total 103 $7 7 39 40 17 

Per Cent 100 55 7 38 


pathologic tests, a moderate increase in 
hemolysis was found in only 1 of 30 patients 
with a slight increase in hemolysis in 14 
patients, and no significant change in 15 
patients ( Table 11). 

The marrow aspirate was positive for 
tumor cells in all instances. When the de- 
gree of cellularity of marrow activity was 
estimated, only 8 per cent were decreased, 
whereas 89 per cent were normal or slightly 
decreased, and 3 per cent were increased. 
These morphologic findings indicated that 
the marrow remained active in spite of 
tumor cell invasion. In order to achieve a 
more dynamic approach to marrow ac- 


tivity, the iron metabolism of these patients 
was then studied with Fe*, a radioactive 
isotope of iron. The Fe*® was combined 
with iron-binding globulin (Cohn-Fraction 
IV-7*) and ferrokinetic studies were per- 
formed employing the Hennessy-Huff tech- 
niques.° 

A considerable decrease in red blood cell 
mass and relative increase in plasma vol- 
ume in these patients was found by the 
Fe°® tracer studies. These are findings com- 
monly seen in patients with advanced 


* Initially supplied by Professor Cohn’s Laboratory, Depatt- 
ment of Chemistry, Harvard University. 


Taste III 


DEGREE OF HEMOLYSIS IN 30 PATIENTS WITH CARCINOMA IN ROUTINE STUDIES 


Abnormal Clinicopathologic Findings 


Estimated 
Reticulo- Fecal Uro- Urine Uro- Indirect Mech. 
y cytes bilinogen _—bilinogen Bilirubin Frag. 
Slight 14 (47%) 12 2 5 “ 4 
Moderate 1 (3%) I 4 
Total 30 (100%) 
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TaBLe IV 


BLOOD VOLUME STUDIED IN 38 PATIENTS WITH 
ADVANCED CARCINOMA EMPLOYING Fe*? 


Plasma _ Total Blood 


RBC 
Values Mass Volume Volume 
cc. /kg. cc./kg. cc. /kg. 
Normal 43.0 45.0 88.0 
Average Patient 25.0 46.0 71.0 


cancer (Table iv). In these patients the 
plasma iron generally is decreased although 
the saturation percentage remains normal 


(Table v). 


RED BLOOD CELL PRODUCTION 


The rate of erythropoiesis was then 
estimated by three determinations which 
help to give an accurate picture of red blood 
cell production. Probably of least value is 
the half-time value (T/2) for the clearance 
of Fe*® from the plasma following intra- 
venous injection. The T/2 which normally 
issixty to one hundred and twenty minutes, 
averaged eighty-eight minutes in the pa- 
tients with cancer and was actually more 
rapid than normal in 42 per cent of the 
patients studied. Recent work in our 
laboratory has indicated that the plasma 
Fe®* disappearance rate may be correlated 
better with plasma iron saturation than 
with rates of erythropoiesis. Figure 1 sum- 
marizes studies of polycythemic patients 
who have been repeatedly phlebotomized, 
with a resultant low Fe saturation per- 
centage, in whom a rapid plasma iron 
disappearance rate was noted. When the 
iron saturation percentage was returned to 
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POLYCY THEMIA VERA —Fe 59 PLASMA DISAPPEAR- 
ance Rate — Relation of T/e to Fe Saturation % . 


Fe Saturation % ~ T/A (min) 


Relative Concentration Fe 59 
8 


Time (Min. after |.V Fe59 Beta—!— Globulinate) 


Fic. 1 


normal from low values by a new and well 
absorbed intramuscular iron preparation,** 
in I case the disappearance rate of Fe®® was 
found to be normal. Serial studies are now 
under way in a larger group of polycy- 
themic patients. 

Of most help in estimating rates of 
erythropoiesis are two other studies: (a) 
that of the red blood cell iron renewal rate, 
normally about 0.8 per cent® which was 
actually increased in 60 per cent of the 51 
patients and (b) the red cell iron incorpora- 
tion rate with two-thirds of the patients 
revealing normal values, i.e., the appear- 
ance of more than 70 per cent of the ad- 
ministrated Fe? in the red blood cells in 
twenty-one days.’ The average rates are 
shown in Table v. Therefore, in view of the 
normal or increased rates of erythropoiesis, 
the anemia of cancer cannot be attributed 


** Imferon (R) kindly supplied by Lakeside Laboratories. 


TABLE V 


SUMMARY OF DATA ON IRON METABOLISM IN 45° PATIENTS WITH ADVANCED CARCINOMA 


Total 
Val Plasma Iron Binding 
aon (ug %) Globulin 
(ug %) 
Normal go-130 300 


Average in 45 Patients 72 230 


of Fe*? 


Saturation 4, a RBC Fe RBC 
(% (Min Renewed _ Utilization 
(%/Day) (%o/ Days) 
30-40 60-120 O.7-1.1 50-100 
30 88 24 56 
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M—- 40 — 55 
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Normal — 33.% — 60-120 . 
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in most instances to a failure of red blood 
cell production. 


RED BLOOD CELL LIFE SPAN 


The next problem was the evaluation of 
the role of the red blood cell life span in 
these patients with anemia of cancer. Of 
the methods available, there are two cur- 
rently employed which are apparently ac- 
curate. The first historically, the so-called 
Ashby technique, utilizes blood grouping 
differences. For example (Table v1), if a 
Group A Rh- -positive patient is to be 
studied who is anemic, 500 to 1,000 cc. of 
compatible Group O Rh-positive blood 
may be given to the patient. Serial blood 
counts are taken commencing twenty-four 
hours after transfusion when the 100 per 
cent value is obtained. Group A agglutinins 
in excess amount are added after an initial 
red blood cell count, to clump the patient’s 
own cells in vitro. The remaining unag- 
glutinated Group O donor cells are then 
counted and, thus, their survival time can 
be plotted. These curves indicate that the 
normal red cell life span is one hundred and 
twenty days, agreeing well with the N-15 
glycine data accumulated previously.” 

The availability of the radioactive iso- 
tope of chromium, Cr*! has made a new 
approach to red blood cell labeling possi- 
ble.* In the course of blood volume studies, 
it was found that Cr*! coats the red blood 
cell preferentially. Except for a slight loss, 
of less than 1 per cent per day, possibly due 
to elution, the Cr! remains with the red 


TaB_Le VI 


RED CELL LIFE SPAN STUDIES 
ASHBY TECHNIQUE 


A_ Rh Positive 
Donor— Group O_ Rh Positive 
Crossmatch 

Transfuse—so00~-1 ,000 cc. blood 

24 hr.—count total RBC 

Add A agglutinins 

Clump A (patient) cells 

Count O (donor) cells 

Take serial samples 
Normal—120 days 
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TaBLe VII 


RED CELL LIFE SPAN STUDIES 
CHROMIUM-SI TECHNIQUE 


group 
Donor —Same patient or 
same group or 
compatible group 
Transfuse—15§ cc. or 500 cc. blood 
24 hr.—100% (gamma) count 
Take serial samples 
Normal—go-110 days 


blood cell during its entire life span. It can 
be used in amounts harmless to the patient, 
and it is not reutilized in red blood cell for- 
mation as is its counterpart, radioactive 
iron. Table vit describes the technique 
used. Several variations of Cr*! labeling are 
possible. For example, if one wishes to 
study the patient’s own cells, 15 cc. of 
heparinized blood may be withdrawn and 
50 we of Cr*! (sodium chromate) added in 
vitro with sterile precautions. The cells are 
allowed to stand at room temperature for 
two hours and the settled red blood cells 
are injected intravenously into the patient. 
Every effort is made to avoid traumatizing 
the red blood cells. For accuracy, counting 
should be carried to the 10 per cent date, 
if possible. To study the life span of ery- 
throcytes from other patients, or from a 
normal individual, one treats the red blood 
cells of these donors with Cr*! similarly. 
One can then inject either 15 cc. or trans- 
fuse 500 cc. of crossmatched labeled blood. 
The latter type of study allows us to do 
simultaneous Cr*! and Ashby red blood cell 
life span studies. 

In 34 patients with carcinoma using 
Ashby or Cr* techniques (Chart 1A, 1B 
and 2), a mild to marked increase in the 
rate of destruction of the transfused normal 
red blood cells was seen in 26 patients. For 
comparison, in 34 Ashby- type and Cr” 
studies made in 27 patients with neoplastic 
disease other than carcinoma, such as 
chronic myeloid leukemia, chronic lym- 
phatic leukemia, multiple myeloma and 
Hodgkin’s disease, a moderate to marked 
acceleration of the rate of destruction of 
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CHART 2 
CuHart iA 
100 5! i i 
12 ASHBY-TYPE CURVES 14Cr in 13 Patients 
in 10 Patients with CARCINOMA 
!-Sim 
80) 2-Ske 
3—Mye 
70 3 4-Fle 
= 5-—Noo! 
6—Fer. 
3 7-Men 
50 8—Rut. 
9—Hal 
D «0 10-Cos 
5 11-Noo? 
30 12-Kuh 
13-Dan 
20 14 -Nei. 
can 
nt, 
or- 
ive 
jue red blood cells from the donor was found 
are in 33 instances (Charts 3A and 3B). The Cuanr 3A 
to “shift to the left,” or more extreme shorten- 
of ing of the erythrocyte life span, was greater ™ 
nd in this group than in the patients with  » other thon CARCINOMA 9/72? 
in carcinoma, and parallels the natural history eo} Bes 
are of these neoplasms. vol 
for Following the demonstration of a short- 
lls ened red cell survival in the patient with |: || 18-07 
nt. cancer, the effects of therapeutic agents on 
ng red blood cell life span were studied in an 3“ 
ng attempt to relate the findings to the over- 
te, all response to treatment in the patient io 
y- with neoplastic disease. 
a Two patients with metastatic neoplasm, 
od one with carcinoma of the kidney and the - 
y. other with malignant melanoma, were 
\S- selected as controls, inasmuch as these two 
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CHART 4 
RED CELL LIFE SPAN 
J.H-M-55 

% OX.-CA. KIONEY 
100 
90 

\ — A-ASHbY-1/28/53 
80 + --B- ASHBY ~4/22/53 
70 


40r 


PERCENT RBC SURVIVAL 
° 


° T T T T T 
° 10 20 30 40 50 60 70 80 
DAYS 


conditions, when disseminated, are resist- 
ant to therapy. The different therapeutic 
measures included (1) radiation therapy, 
(2) chemotherapy with agents such as 
thio-TEPA, myleran, and chlorambucil, 
and (3) hormone control therapy with 
cortisone, testosterone, meticorten, and/or 
bilateral adrenalectomy. All of the therapy 
was administered in the period during the 
life span study or in the month prior to the 
study, as is indicated chronologically in the 
charts to follow. 

Chart 4, of a patient with carcinoma of 
the kidney, and Chart 5, of a patient with 
malignant melanoma, clearly reveal the ac- 
celeration of red blood cell destruction 
during the progression of a refractory neo- 
plastic disease. 

Chart 6 summarizes studies in a patient 
with carcinoma of the lung, who received 
radiation therapy toward the end of his 
first study (A). The second study (B) 
showed some improvement in red blood 
cell life span as compared to the original 
curve. 

The patient whose data are seen in Chart 
7 revealed a striking objective and subjec- 
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CHART § 


REO CELL LIFE SPAN STUDY 
M.M.-F-32 
DX. MAL. MELAN. 


90 - 


A-ASHBY-1/2/53 
B- ASHBY -5/2/53 
80 


A 


40 + 


PERCENT RBC SURVIVAL 


30 


T T T T T 
30 40 
DAYS 


tive improvement following thio-TEPA for 
Hodgkin’s disease, with curve (B) showing 
marked improvement, as compared with 
curve (A) obtained during the active 
disease. Chart 8 is of another patient with 
Hodgkin’s disease in whom only short-lived 
partial remissions were obtained during 
both periods in spite of aggressive therapy, 
and in whom the first and second curves are 
almost identical. 

Chart 9 indicates the findings in a pa- 
tient who had a remarkable remission of a 
metastatic osteolytic breast carcinoma 
while on testosterone therapy. The first 
curve shown (A) was at the end of this 
response period when the disease was again 
progressive. The second curve (B), started 
three weeks after bilateral adrenalectomy, 
shows a considerable decrease in the rate 
of red blood cell destruction in association 
with marked objective improvement. Chart 
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CHART 6 CHART 8 
RED CELL LIFE SPAN STUDY REO CELL LIFE SPAN STUDY 
1.0.-M-64 E.A-F-27 
DX. CA LUNG OX... 
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CHART 10 


REO CELL LIFE SPAN STUDY 
OX. CA. BREAST 


THERAPY~CLINICAL RESPONSE 

RADIOTHERAPY-SLIGHT 

8/2/55 

BILATERAL AODRENALECTOMY-GOOD 

CORTISONE -GOOD 


10 is that of another patient with breast 
carcinoma who was similarly treated. It 
reveals a different picture in that the first 
study (A) during the period of increasing 
disease activity showed a slower rate of red 
blood cell destruction than the curve ob- 
tained following adrenalectomy (B). This 
is in contrast to the excellent postoperative 
clinical and objective response which oc- 
curred following bilateral adrenalectomy. 
We have found that the only satisfactory 
analysis is achieved by the two-study tech- 
nique; that is, when time allows a complete 
baseline life span study followed by a 
second curve started several weeks after 
completion of therapy. It is easy to see how 
this ideal requirement limits the over-all 
usefulness of life span studies as a measure 
of chemotherapeutic effectiveness. In its 
present form it can only be applied 
slowly progressive cases of neoplastic 
disease, in the lymphomata or chronic 
leukemias, or in instances where surgery 
can be delayed if therapeutic effects are to 
be judged. In addition the changes in red 
blood cell survival studies were found to 
parallel the clinical course in only 60 per 
cent of the patients studied, whereas in 25 
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per cent changes were inconclusive, and in 
15 per cent actually contrary to the clinical 
course. 


HEMOLYTIC PLASMA FACTOR 


The last phase of the present study con- 
cerned the red blood cell itself in the patient 
with neoplastic disease. Since it had been 
shown that the life span of the erythrocyte 
from the normal donor is shortened when 
cransfused into patients with cancer! and 
since direct Cr*! labeling of the red blood 
cells of patients with these conditions dis- 
closed an intrinsic shortening of the life 
span of the patient’s own red blood cells,” 
it seemed that the evidence suggested the 
presence of a humoral factor in cancer 
patients which destroys erythrocytes. In 
an attempt to determine whether in addi- 
tion to a hemolytic factor there is also a 
defect in the erythrocytes of cancer patients 
which increases their susceptibility to de- 
struction, an experiment was designed to 
study the life span of the red blood cells 
from the patient with cancer in a normal 
host. 

Since: there is no evidence that cancer 
can be transmitted by transfusion, a 
number of healthy volunteers from among 
the inmates at Sing Sing Prison in New 
York were chosen to receive blood from 
these patients, using Cr*! and Ashby tech- 
niques of red blood cell labeling. The con- 
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trol studies consisted of the transfusion of 
whole blood from volunteers into volun- 
teers which yielded the expected normal 
values of one hundred and twenty days in 
Ashby studies and ninety to one hundred 
and ten days with Cr*! studies. 

Transfusion of whole blood from patients 
with biopsy-proved advanced neoplastic 
disease into volunteers revealed an essen- 
tially normal life span in 11 of 18 instances 
in which studies were carried out as com- 
pletely as possible by the Ashby technique 
(Chart 11), and the Cr®! technique (Chart 
12). A final check on the original studies 
was obtained in 12 instances when Cr*! 
labeled whole blood was transfused from 
volunteers into patients and a considerable 
shortening of the red blood cell life span 
was demonstrated (Chart 13). 

The return toward normal of the red cell 
life span of the cancer patient when trans- 
fused into the normal host and the inability 
to demonstrate an intrinsic corpuscular ab- 
normality in these studies re-emphasizes 
the probable importance of a hemolytic fac- 
tor in the genesis of the anemia of cancer. It 
isnot intended to imply that this hemolytic 
factor is specifically related to the anemia 
of cancer, inasmuch as increased hemolysis 
has also been demonstrated in a number of 
chronic diseases such as hepatitis, nephritis, 
and arthritis.!° Studies now in progress are 
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aimed at characterizing the hemolytic fac- 
tor further as well as elaborating the site 
of its effect on the red blood cell membrane 
and enzyme systems. 


CONCLUSION 


In summary, the current concept of the 
anemia of malignancy, when blood loss, in- 
fection and allied factors have been ruled 
out, may be pictured as follows. In response 
to the increased demand produced by 
accelerated red blood cell destruction as the 
neoplasm progresses, the marrow activity 
actually increases. Initially, the accelerated 
rate of destruction is nullified by the in- 
creased production, and hemoglobin values 
remain normal. However, there is an ap- 
parent ceiling on the increase in marrow 
activity in such patients which may be two 
to three times the resting rate instead of the 
sevenfold increase possible in the normal. 
As the rate of destruction exceeds this pro- 
duction ceiling, anemia appears, and this 
anemia increases progressively as the neo- 
plasm disseminates. Thus, it is common 
clinical experience that repeated transfu- 
sions in patients with advanced cancer may 
only raise the red cell count transiently. 
The severe anemia, in turn, contributes 
importantly to the inevitable outcome of 
the metastatic neoplastic process. Thus the 
basic mechanism of the anemia of cancer 
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presents a challenge on which may hinge 
better understanding, and better control 
of the fundamental problem of cancer. 


Francis Delafield Hospital 
Columbia University 

College of Physicians and Surgeons 
New York, New York 
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NORMAL ABUNDANCE OF RADIUM IN CADAVERS 
FROM THE PACIFIC NORTHWEST* 


By R. F. PALMER, MLS. 
Biology Operation, General Electric Company, 
RICHLAND, WASHINGTON 


and 


F. B. QUEEN, M.D. 
Department of Pathology, University of Oregon Medical School, 
PORTLAND, OREGON 


KNOWLEDGE of the radium content 

of individuals with no known exposure 
to radium is necessary as an aid in estab- 
lishing maximum permissible limits for in- 
ternally deposited isotopes. Krebs® in 1943, 
reporting data from a study of 18 individuals 
whose birthplaces and places of upbringing 
had been scattered throughout Germany, 
measured an average total body radium 
content of about 107° g. In 1950, Hursh and 
Gates reported an average radium content 
of about 107! g. for 25 individuals who 
had spent most of their lives in the State 
of New York. 

Additional data on radium content of 
individuals from a different geographical 
location were desired. Not only would these 
data further elucidate the value of body 
radium content of the population as a whole 
and its variation with locality, but also 
they would yield some measure of the 
applicability of Hursh’s values for the 
radium content of public water supplies* to 
the estimation of the radium content of un- 


exposed individuals. 


METHOD 


Ashing Procedure. The bodies used in this 
study, like those studied by Hursh and 
Gates, were embalmed and had been used 
for instruction purposes in an anatomy 
course. They were cremated on a stainless 
steel plate at a temperature of about 800° 
C., then ground and weighed. Representa- 
tive aliquots were taken for analysis. 

Digestion Procedure. The aliquots of the 
cremated remains contained varying 


amounts of carbonaceous material, so were 
muffled at 800° C. for four hours to oxidize 
the remaining organic constituents. Suit- 
able aliquots were treated with 30 per cent 
hydrogen peroxide and concentrated nitric 
acid to effect solution, and then boiled to 
dryness. The salts were taken up in 2 N 
nitric acid and the solution centrifuged. 
The insoluble fraction, after treatment with 
hydrofluoric acid to remove silica, was fused 
with sodium carbonate. The melt was com- 
bined with the original supernatant result- 
ing in complete solution of the original ash 
aliquot. 

Measurement Procedure. The solution 
from the digestion procedure was trans- 
ferred to a 500 ml. sample flask of the type 
shown in Figure 1, sealed under a Io per 
cent methane—go per cent argon atmos- 
phere, and allowed to stand until the 
radium-radon equilibrium was established 
(at least thirty days). The sample flask was 
then attached to the vacuum system shown 
in Figure 1, and the system, with the excep- 
tion of the sample flask, was evacuated to a 
pressure of less than 0.1 mm. of mercury. 
The sample flask was opened to the system, 
its contents were heated to boiling, and a 
slow stream of the methane-argon mixture 
was bubbled through the solution until the 
pressure in the system was atmospheric. 
After filling, the counting chamber was 
attached to the alpha particle counter and 
allowed to stand for three hours to permit 
radon, radium A, radium B, radium C, 
and radium C’ to attain equilibrium. The 
counting rate of the sample was then meas- 


* This paper is based on work performed under Contract No. W-31-109-Eng-52 between the Atomic Energy Commission and General 


Electric Company. 
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MANOMETER 


COUNTING 
CHAMBER 


TRAP 


ured for at least three hours. A background 
of at least one hour’s duration was taken 
before each sample measurement. Back- 
ground counts ranged from 0.4 to 0.6 c/m. 
Sample counts were between 0.6 and 5.8 
c/m. above background. 

The alpha particle counter employed 
consisted of a vibrating reed electrometer 
equipped with a turret switch and an 
Esterline-Angus recording milliammeter. 
The counting chamber used for all meas- 
urements was constructed from a one-liter 
round-bottomed flask with a_ stopcock 
sealed to the neck for evacuation and filling. 
A sketch of this chamber showing elec- 
trodes, guard ring, and fitting for mounting 
on the electrometer head is shown in Figure 
1. The inside of the chamber was coated 
with a graphite-base paint to provide a 
conducting surface. During operation a 
135-volt potential was applied across the 
chamber. 

The alpha particle counting properties of 
this apparatus depend on the fact that the 
ionization resulting from the emission of an 
alpha particle in the chamber causes a 
sharp but short-lived increase in the con- 
stant current across the chamber. This 
pulse is amplified by the electrometer and 
causes a “pip” on the tract of the Ester- 
line-Angus recorder. The number of these 


ORY ICE 


ala 


Fic. 1. De-emanation apparatus. 


pips over a measured time interval gives the 
alpha count-rate in the sample. 


CALIBRATION OF METHOD 


The over-all efficiency of the method for 
measuring the radium content of a body ash 
aliquot was investigated by adding a known 
amount of radium (an aliquot of a standard 
radium solution certified by the National 
Bureau of Standards) to one of two dupli- 
cate ash samples, both of which were then 
analyzed by the established procedure. The 
results of five such determinations are 
shown in Table 1. The errors of the data 
were calculated at the 90 per cent con- 
fidence level, and the error assigned to the 
49.9 per cent efficiency value is the stand- 
ard deviation at the 90 per cent confidence 
level of the five determinations. 

The theoretical counting rate from a 
given amount of radium measured by this 
method was taken as twice the disintegra- 
tion rate of the radium. This follows from 
the fact that the radon was in transient 
equilibrium with the radium at the time of 
de-emanation, and that time was allowed 
for radium A and radium C’ to attain 
equilibrium with the separated radon be- 
fore activity measurements were made. The 
gaseous radon should yield a count for 
each disintegration, while the daughters 
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Vou. 79, No. 3 Normal Abundance of Radium in Cadavers §23 
Taste I 
CALIBRATION DATA 
| : Observed Counting Rate | 
Sample No. Counting Rate of Added Ra Efficiency* 
(c/m.) (c/m.) 

I 50 1+0.3 
ly 50 4-44 5.8+0.4 §2.8+5.6 
2 50 0.9+0.1 
2s 4-44 4-340.4 48.2+4.5 
3 50 1.2+0.2 
3s 50 3-440.3 2.2+0.4 49-5+9.0 
4 35 0.9+0.2 
4s 35 3.140.4 2.2+0.4 49-5+9.0 
5 | 30 1.2+0.2 
Ss 30 2.22 2:3 7-6.4 49.5+9.0 


* Per cent of theoretical counting rate from added Ra. 


radium A and radium C’, which are de- 
posited on the center probe, should yield a 
count for every two disintegrations— 
assuming half the alpha particles from these 
two isotopes will be emitted into the 
probe and not be counted. 

The over-all efficiency value of 49.9 per 
cent is composed of two correction factors— 
the counter and de-emanation efficiency, 
and the chemical recovery of the radium in 
the original ash aliquot. To test the opera- 
tion of the counter during this study, aged 
solutions containing known amounts of 
radium in nitric acid were periodically de- 
emanated and their activities measured. 
From 13 such measurements an average 
counting rate 60.6 per cent of theoretical 
was obtained. Letting this equal the counter 
and de-emanation efficiency, it follows that 
the chemical recovery of radium from an 
aliquot of ash was 82.5 per cent. 


RESULTS 


Table 1 lists the results obtained on 50 
subjects analyzed for radium content. 
Total body ash weights are listed in the 
second column and the weights of the ali- 


Average Efficiency 49.9+2.5 


quots analyzed in the third. The fourth 
column contains the average counting rate 
of two or more independent analyses of each 
sample and their go per cent confidence 
limits. The quantity of radium per total 
body shown in the fifth column was cal- 
culated using the efficiency correction of 
49-9 per cent. As the reported error in this 
value is the result of five determinations, 
and the values of grams radium per total 
body are usually from only two measure- 
ments, a value of (49.9 +8.0) per cent was 
used to convert from c/m. to d/m. radium 
rather than the (49.9 +2.5) per cent shown 
in Table 1. The value of +8.0 for the error 
is the average of those found for single 
measurements. The errors attached to the 
values of grams radium per total body do 
not only pertain to the measurements of 
alpha activity, but also include errors in 
the preparation of the ash solutions for 
radium analysis. The same applies to the 
errors attached to the values of grams 
radium per gram ash in the sixth column. 
Table 11 contains the age, sex, birth- 
place, place of death, places of residence, 
and when available, the clinical causes of 
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Tas_e IT 
MEASUREMENTS OF BODY RADIUM CONTENT 

| Analyzed | Average Grams Radium 

Sample No. Ms Ash | Aliquot Counting Rate Total muy Ra per Gram Ash 
eight (g.) | (g.) (c/m.) (g. X10") (X10!) 
I 349° 20 0.6 +0.1 0.47+0.10 1.4+0.3 
2 4030 50 1.4 +0.2 0.51+0.10 1.3+0.2 
3 2760 50 0.9 +0.1 0.23+0.04 0.8+0.2 
4 2760 50 1.0 +0.2 0.25+0.06 0.g+0.2 
5 3980 50 1. 
6 3280 50 1.65+0.2 0.49+0.10 1.5+0.3 
7 2960 50 1.45+0.2 0.38+0.08 1.3+0.3 
8 2840 50 t.0 0.26+0.06 0.9+0.2 
10 2270 50 2.7§+0.4 0.57+0.12 
2620 50 20.3 0.71+0.13 2.7+0.5 
12 3100 50 0.9 +0.1 0.8+0.2 
13 4200 50 0.7 +0.1 0.27+0.06 0.6+0.1 
15 3480 1.3 £0.2 0.41 +0.09 1.2+0.3 
16 4260 50 0.73+0.14 1.7+0.3 
17 3680 50 3.2 t0.2 0.73+0.13 2.0+0.4 
18 3223 50 0.§2+0.10 1.6+0.3 
19 935 50 20.2 1.4+0.3 
20 848 50 1.8 +0.2 0.14+0.03 1.6+0.3 
21 2830 44 $0.2 0.35 +0.08 1.220.4 
22 1240 48 t.7 £0.2 0.20+0.04 1.6+0.3 
23 2710 48 1.65+0.2 0.42+0.08 1.6+0.3 
24 3120 50 0.32+0.08 1.0£0.4 
25 2050 40 1.4 £0.2 0.32+0.05 
26 2590 40 2.7§20.2 | ©O.§1406.10 2.0+0.4 
27 3360 40 1.2§+0.2 | 0.48+0.11 1.420;3 
28 2390 40 1.15 +0.2 | 0.314+0.07 1.39264 
29 2680 37 | 1.9+0.4 
30 3040 32 1.0§+0.2 | 0.4§+0.11 1.5+0.4 
31 3080 3 0.9 +0.2 0.344+0.09 1.1+0.3 
32 1810 | 3 1.2 ° 0.2 0.26+0.06 1.40.3 
33 3210 | 38 0.75+0.1 0.29+0.06 o.gt0.2 
34 2080 | 34 1.6 +0.2 0.44+0.09 2.1+0.4 
35 3070 | 37 0.95+0.2 0.36+0.09 1.2+0.3 
36 3510 | 35 0.g0+0.2 0.41+0.11 1.2+0.3 
37 4080 | 30 :.4 $6.2 0.74+0.16 1.8+0.4 
38 2880 27 1.3 +0.2 0.62+0.14 2.2+0.5 
39 2520 36 0.2 0.47+0.10 1.9+0.4 
40° 2440 31 20.2 2.2+0.5 
41 3240 34 0.89+0.16 4.37208 
42 2780 40 4-45+0.4 1.39+0.25 §.0+0.9 
43 3190 37 206.3 0.§8+0.15 1.8+0.5 
44 3160 37 0.6 +0.1 0.23+0.05 0.7+0.2 
45 2680 41 20.4 0.41 +0.08 1.5+0.3 
46 3150 36 1.3 20.8 0.43+0.10 1.4+0.3 
47 2590 37 130: 032 0.31+0.08 1.2+0.4 
48 3360 37 1.9 +0.3 0.78+0.17 2.3+0.5 
49 3170 35 1.4 +0.2 0.§7+0.11 1.8+0.3 
50 3530 | 38 0.9 +0.1 0.38+0.07 1.1+0.2 

Average 0.47+0.10 


1.56+0.33 


Vo. 


= 
: 
— 
San 
N 
ing 
a 
Ay, 


1958 


lum 


Ash 


Taste Ill 


Normal Abundance of Radium in Cadavers 


VITAL STATISTICS AND BIOGRAPHIC DATA ON INDIVIDUALS WHOSE BODIES WERE STUDIED FOR 
RADIUM CONTENT 
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—— 
Sam- | 
ple Age Sex | Birthplace 
No. | 
2|78 | M | Germany 
| 
3 | 62 1 | Finland 
| | 
4 | 60 | M | Kent, Wash. 
5 | 32 | M | Columbus, Ohio 
6 | 73 | M | Ontario, Canada 
7 | 70 | M | Nebraska 
8 | 41 | M | Illinois 
9 | 63 | M | Canada 
1o | 82 | M | W. Virginia 
11 | 59 | M | Colorado Springs, 
Colorado 
12 | 66 | M | Illinois 
13 | 65 | M | S.W. Texas 
14 | 89 | M | Missouri 
15 85 | M| Maryland 
16 | 85 | M | Wisconsin 
17 | 89 | M | Wisconsin 
18 | 75 | M Sweden 


19 Unknown 


Unknown 
a1 | 73 | F 
22 | 93 | F 

| | 

23175 |M 

| 

241 47|M | 
25 | 58 | M 


Tacoma, Wash. 


| Switzerland 


| Saline, Mich. 


Atlanta, Ga. 


Place of Death 
Ore. 
Pendleton, Ore. 


Salem, Ore. 


Salem, Ore. 


Portland, Ore. 


Pendleton, Ore. 


Portland, Ore. 


Salem, Ore. 


Klamath Falls, Ore. 


Salem, Ore. 


Portland, Ore. 


Salem, Ore. 


| Dallas, Ore. 


Salem, Ore. 


Salem, Ore. 


Salem, Ore. 
Hillsboro, Ore. 


Salem, Ore. 


Portland, Ore. 


Salem, Ore. 


Hillsboro, Ore. 


| Troutdale, Ore. 


Years 


32 


Residence 


Ore. 


T 
U. 


Nn 


alem, Ore. 


Oregon 
California 
Japan 


Hawaii 


Portland, Ore. 


Pendleton, Ore. 


Portland, Ore. 


Pendleton, Ore. 


Oregon 


Portland, Ore. 


Lakeview, Ore. 


Oregon 
California (Most 
| of life) 
, Europe 
Oregon 


| 

is Salem, Ore. 
| M aryland 
| 


| Hillsboro, Ore. 
Oregon 


Washington 
U.S 


Portland, Ore. 


Salem, Ore. 


Oregon 
California 


California 


| Oregon 
New Jersey 
Michigan 


Toppenish, Wash. 


Diagnosis 


coronary artery 
arteriosclerosis 


generalized 


arteriosclerosis 


pulmonary tuberculosis 


arteriosclerotic heart disease 


suicide—gunshot wound to head 


no record of death 

coronary thrombosis due to generalized 
arteriosclerosis 

pulmonary tuberculosis 

carcinoma of stomach 

carcinoma of stomach 


arteriosclerosis; pulmonary edema; and 


anthracosis 
lobar pneumonia 


cardiac infarct, rt.; coronary thrombosis 


senility; senile psychosis 


cerebral hemorrhage due to arteriosclerosis 


arteriosclerotic heart disease 
coronary heart disease due to arteriosclerosis 


hypostatic pneumonia; schizophrenia 


cardiovascular; hypertensive and cerebral 
| hemorrhage 

myocardial failure due to arteriosclerotic 
| heart disease 


| myocardial failure due to arteriosclerotic 
heart disease 


diabetic acidosis 


pulmonary tuberculosis 


ae 
| 
63 
| 
12. | Salem, Ore. 
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Tasce III (continued) 


Sam- 
ple | Age) Sex Birthplace Place of Death Years Residence Diagnosis 
No. | | 
26 | 73 | F | Michigan | Salem, Ore. 14 | Salem, Ore. bronchopneumonia 
| | 31 Portland, Ore. 
| 
27 | 67 | M | Minnesota Pendleton, Ore. rheumatic heart disease 
28175 |F Salem, Ore. 24 | Salem, Ore. chronic myocarditis 
2g | 61 | M | Sweden Portland, Ore. 32 Europe alcoholic cirrhosis of liver 
a5 
30 | 39 | M | Jacksonville, Fla. | Salem, Ore. 2 Salem, Ore. | subacute bacterial endocarditis 
California 
31 | 69 | M | Wisconsin Salem, Ore. 16 | Salem, Ore. generalized arteriosclerosis 
32 | 69 | F | Finland Salem, Ore. - Portland, Ore. cerebral hemorrhage due to hypertension 
— | Salem, Ore. 
33 | 75 | M | Finland Salem, Ore. 14 | Portland, Ore. general arteriosclerosis 
US: 
34 | 61 | Mj Finland Salem, Ore. 33. | Oregon arteriosclerosis; cardiac failure 
23 Finland 
35 | 59 | M |} Yerington, Nev. Portland, Ore. | 6 | Klamath Co., Ore. | chronic alcoholism and peritonitis due to 
| g | Portland, Ore. perforated peptic ulcer 
36 | 65 | M | Atkinson, Neb. Hood River, Ore. 17 | Washington cerebral hemorrhage due to generalized 
arteriosclerosis 
37 | 89 | M | Wunden, Germany | Salem, Ore. 22 | Grants Pass, Ore. | bronchopneumonia; senile psychosis 
45 U. S. 


22 | Germany 


38 | 60 | M | Toronto, Canada | Portland, Ore. 1 | Portland, Ore. coronary thrombosis due to coronary scle- 
| rosis 
39 | 49 | M | Condon, Ore. Salem, Ore. g | Condon, Ore. encephalomalacia, focal; diffuse cortical 


atrophy (meningitis) 


40 | 79 | M | England Salem, Ore. 14 | Oregon arteriosclerosis, with cerebral hemorrhage 
41 | $5 | F | Boston, Mass. Wheeler, Ore. 28 | Portland, Ore. carcinoma of breast with metastasis 
22 | Massachusetts 
2 | New Hampshire 
Indiana 
42 | 63 | M Klamath Falls, Ore. Klamath Co., Ore. | acute myocardial insufficiency; acute aleo- 
for many years holism 
43 | 72 | M | Austria Portland, Ore. 9 | Portland, Ore. coronary heart disease; heart failure 
44 | 74 | M | Norway Pendleton, Ore. 4 Oregon acute intestinal obstruction due to volvu- 
as | lus 
45 | 64 | M | Meridan, Penna. | Pendleton, Ore. 8 | Oregon bronchopneumonia 
27 | Lewiston, Ida. 
46 | 72 | M | Ireland Salem, Ore. 21 | Oregon arteriosclerosis; senility 
47 | 75 |F | Holland Salem, Ore. 35 | Salem, Ore. heart failure due to arteriosclerosis 
48 | 46 | M | Washington, D.C. | Salem, Ore. 3 | Salem, Ore. coronary thrombosis 
49 | 82 | M | Pittsburgh, Penna. | Pendleton, Ore. 69 | Oregon arteriosclerotic heart disease and diabetes 
50 | 47 | M | Bowie, Ariz. Portland, Ore. 34 | Oregon carcinoma of lung 


13. | Foulke, Ariz. 
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death of the subjects employed in this 
study. 

Throughout this investigation attempts 
were made to verify the results with in- 
dependent radium analyses of the samples 
by a chemical separation method. The in- 
herent difficulty of separating such minute 
amounts of radium from large amounts of 
chemically similar calctum made it im- 
possible to obtain sufficient precision with 
this procedure to permit comparison of its 
results with those obtained by the de- 
emanation procedure. The results from 
the two methods were of the same order of 
magnitude, but the errors associated with 
those from the chemical separation method 
were too large to permit statistical veri- 
fication of the agreement or disagreement 
of the values from the two methods. 


DISCUSSION 


The range of body radium values found 
in our study, 0.13 X 107!" to 1.39 X 107!” g. 
radium with an average value of 0.47 X 107! 
g. radium, is in good agreement with the 
range of 0.38 X 107!” to 3.53 X 107" g. radi- 
um with an average value of 1.18X10~?° 
g. radium found by Hursh and Gates.* 
Stehney and Lucas,! in their study of the 
body radium contents of inmates of State- 
ville Penitentiary, found a similar range of 
values by measuring the radon content of 
the air expired by their subjects. 

The agreement among the ranges of 
values for body radium found in these 
three studies is somewhat surprising when 
one compares the values for the radium con- 
tent of the subjects’ drinking water. Hursh*® 
reported a value of 0.36X10~-" g. radium 
per liter of tap water in Rochester, New 
York, and 0.01 and g. 
radium per liter of tap water in the two 
Northwest cities, Portland, Oregon, and 
Tacoma, Washington. Stehney” found that 
the tap water at Stateville contained 
34X 107% g. radium per liter. It appears 
that predictions of relative values of body 
radium based on the radium content of 
drinking water alone are not valid. Shand- 
ley’s® findings that much more radium is in- 
gested with food than with water supports 
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this conclusion. However, because a con- 
siderable portion: of the food to be con- 
sumed in any locality will be grown in an- 
other part of the country, it seems reason- 
able that a fairly constant nationwide body 
radium content would result from the radi- 
um in food, while the radium in the local 
drinking water would exert its influence on 
top of this value. The resulting body radium 
content would then depend on both food 
and water radium contents, and would not 
be a simple function of either. 

The above considerations indicate that 
much broader sampling must be done if a 
realistic value of the normal body radium 
content is to be obtained. This could best 
be done by im vivo measurement of the 
gamma rays emitted by body radium and 
its associated daughter products. Several 
installations are now in existence that can 
measure the gamma radiation from the 
human body quite accurately!?*$1°" but 
they suffer from the inability to differen- 
tiate between the gamma radiation from the 
potassium-40 in the body and that from 
radium and its daughters. Marinelli et a/.6.7 
have described very promising preliminary 
results obtained with scintillation spectrom- 
etry and coincidence counting. They be- 
lieve their method is capable of yielding a 
standard deviation of +3.4X10~*/ye for 
the measurement of radium in the presence 
of the potassium-40 of the human body. 
Anderson e¢ a/.! report that the Los Alamos 
Human Counter can measure as little as 
5X10~-4/ue of radium if the potassium con- 
tent of the body is known within 5 per cent 
by some independent method. Only slight 
improvement of these detection limits will 
permit i7 vivo gamma-ray measurement of 
body radium contents within the ranges of 
values found by Stehney and Lucas, Hursh 
and Gates, and by the authors of this study. 

A comparison of the radium accumula- 
tion in cancerous and noncancerous sub- 
jects is shown in Table 1v. The number of 
samples is not sufficient to be statistically 
significant, but itis felt that such a compari- 
son is of interest. As was the case in the 
study by Hursh and Gates,‘ this table 
shows that there is no indication of the 


Re 
é 
y scle 
ortical 
rrhage 
; 
— 


528 R. F. Palmer and F. B. Queen Marcn, 1998 
TABLE IV 
Ra ACCUMULATION IN CANCEROUS AND NONCANCEROUS CADAVERS BY AGE AND SEX 
Noncancerous Cadavers Cancerous Cadavers 
Male | Female Male Female 
Age | 
Grams Radium Grams Radium Grams Radium Grams Radium 
No. per Gram Ash | No. per Gram Ash | No. per Gram Ash! No. per Gram Ash 
(X (X10!) (X10!) (X 10!) 
Under 40 2 1.40 | 
41-50 4 1.52 I 
51-60 5 1.72 I 2.3 
61-70 13 1.62 I 1.40 I es 
71-80 9 1.45 4 1.42 
81-go 5 1.50 I 
93 I 1.60 
Average 38 1.55 6 1.45 3 1.60 I 2.3 
Average 44 cases—I.54 Average 4 cases—I.77 


expected increase in radium concentration 
with increase in age of the subjects. This is 
not surprising in view of the lack of values 
in the lower age range, and the tentative 
conclusion of Stehney and Lucas" that a 
greater fraction of ingested radium is re- 
tained during childhood than after matu- 
rity. Methods for im vivo measurement of 
body radium content at “natural” levels 
will prove valuable in resolving this ques- 
tion. 

In conclusion, we believe that our data, 
together with those of Hursh and Gates, 
and Stehney and Lucas, present strong evi- 
dence that the body radium content of un- 
exposed individuals is in the order of 10~!° 
g., a value well below even the most con- 
servative estimates of the maximum per- 
missible concentration of radium in the 
body. 


SUMMARY 


Body radium values for 50 individuals 
with no known exposure to radium were 
measured and found to range from 
0.13 to 1.39 X107! g. radium with 
an average value of 0.47 X 107" g. radium. 
This range of values is in good agreement 
with previously reported results and lends 


support to the conclusion that the body 
radium content of unexposed individuals 
is in the order of 10~!° g. 

R. F. Palmer 

Biology Operation 


General Electric Company 
Richland, Washington 
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COMPARISON OF EXCRETION AND RETENTION 
OF SR® IN MONKEYS AND RADIUM IN MAN 


By A. H. WARD 


UNIVERSITY COLLEGE, GHANA, WEST AFRICA 


ONG-LIVED radioactive substances 
which on ingestion become fixed in the 
bone constitute a major hazard, and op- 
portunities for observation of the long-term 
effects in human beings are rare. An ac- 
count of a twenty-five year radium in- 
vestigation in man was recently published 
by Norris, Speckman and Gustafson.? 
Three-year observations have been made in 
Ghana on a colony of 80 West African 
monkeys, 18 of which have been injected 
with single low doses of Sr®°’. A brief com- 
parison of the retention and excretion re- 
sults of Sr®° in monkeys and of radium in 
man is presented. This shows (a) that the 
pattern of excretion differs widely in the 
two instances, and (b) that retention of 
radiostrontium is much greater than that of 
radium. Finally, equations to fit the experi- 
mental results are discussed. 

Norris, Speckman and Gustafson? graphi- 
cally illustrated the main radium results, 
and these are shown in Figure 1 as dotted 
lines (1), (2) and (3). It is to be noted that 
it was not possible for the radium observa- 
tions to be carried out on the same in- 
dividuals at different times, whereas the 
monkeys could be individually measured 
throughout. All excretion and retention re- 
sults are plotted as percentages of injection 
dose. 

The average Sr®’ excretion from monkeys 
is shown in Figure 1 as curve (4). The rela- 
tive daily excretion is initially only one- 
third of the radium excretion in man, but 
decreases with time more slowly. The graph 
appears linear on these log—log scales for 
only about one hundred days, and after 
that curves markedly, corresponding to an 
exponential type of excretion pattern. Nor- 
ris, Speckman and Gustafson assume a lin- 
ear excretion pattern on these log—log scales 
for the entire twenty-five year period, but 
state that their results “might be better ex- 


pressed as the sum of a large number of ex. 
ponentials and, indeed, may be fitted by 
such a form.” 

The Sr® retention curve (5) is calculated 
numerically from the summed excretion, 
and is confirmed by a few Bremsstrahlung 
and postmortem counting results. The 
much greater retention of radiostrontium 
by monkeys compared to radium by manis 
clear. The coefficient of elimination, de- 
fined as the fraction of the retained Sr® 
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excreted per day, is also plotted, as (6); it 
“levels out” after about one hundred days, 
as compared to the constant slope (—1) of 
the radium coefficient of elimination (3). 
The Sr®° coefficient of elimination tends to 
a constant value of about 0.13 per cent 
per day, corresponding to an exponen- 
tial excretion curve with a constant bio- 
logic half-life of excretion of about 1.5 
years, about 10 per cent of the expected 
normal life span of these animals. 

For the first one hundred days, however, 
power functions represent the Sr®° experi- 
mental results quite well; an interesting de- 
tail in the comparison with the radium 
power function is then apparent. Norris 
and his co-workers give a radium retention 
equation 


R%=54 T-” for retention R% at 


time T days (2) 


and differentiate this to give a smooth ex- 
cretion curve 


dR 
— —=E%=28 (1) 
dT 


The Sr® results are primarily of excretion 
day by day, so that the excretion curve is 
discontinuous and has to be summed 
numerically to get the cumulative excretion 
and thence the retention curve. Cumulative 
excretion figures from three daily excretion 
equations which approximate closely to the 
experimental Sr® excretion curve (4)‘are as 
follows: 


>10 
E%=9.0 T--* 9.0 26.9 49.2 
*E%=9.0 9.0 25.7 45.4 


If the relationship between the excretion 
and retention equations is assumed to be as 
shown in (1) and (2) for radium, and if in- 


* This is plotted as line (7); the other two equations give 
lines lying closer to the experimental curve (4). 
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tegration is attempted to obtain Sr® re- 
tention equations, then, in general, reason- 
able numerical agreement can only be ob- 
tained by including a constant of integra- 
tion of large value: 


Day: 1.§ 10 100 
R% = 395 — 300 T® 91 50.6 
R% = 96— 23 logio T 92 73-0 553-9 


R% = 300 T~-8— 205 gI 75.0 56.3 


A retention formula of type (2), which has 
no constant of integration, may be derived 
empirically for Sr®°: 


R%=97 T~™ giving 92 70.3 50.9% 


at the 3 times. 

In contrast with the radium retention 
equation (2), this cannot be differentiated 
for a satisfactory excretion equation; the 
algebraic relationship between the two 
equations is complicated by anomalous ex- 
cretion and retention results in the first few 
days. Sr** excretion formulae are selected to 
fit from T= 1; it is found that corresponding 
retention formulae, while not fitting at 
T=1, fit reasonably well to values esti- 
mated for T=1.5 days. 


Dr. A. H. Ward 
Physics Department 
University College 
Achimota, Ghana 
West Africa 
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ROENTGEN OR GAMMA RAY SHIELDING 
IN RADIATION PROTECTION 


By AARON P. SANDERS, M.S.* 


DURHAM, NORTH CAROLINA 


calculation of shielding in radia- 
tion protection can be confusing to the 
newcomer in the field of radiology. In many 
instances the approach to the shielding 
calculation is highlighted by multiple charts 
and graphs which have a direct relationship 
to radiation but are not readily interpreted 
as radiation dose factors. This paper ad- 
vances a proposed simplification of shield- 
ing calculations. 


THEORY 


The transmission of roentgen or gamma 
radiation through matter may be calculated 
from the familiar relationship: 


T= Iye-**. (1) 
Where 


I,=Intensity of radiation at a given 
point prior to shielding 

I=Intensity of radiation at the same 
point after an absorber of thickness 
x is placed between this point and 
the source of radiation 

u=Linear absorption coefficient for the 
absorber used 

x = Thickness of shield. 


This equation may be expanded into a 
more general equation which is applicable 
to problems dealing with different distances 
from the source of radiation. This requires 
that the inverse square relationship of dis- 
tance to intensity be considered. 

Thus the following relationship may be 
obtained: 

(ds)? (2) 
Where 


I,=The known intensity of radiation 
at a distance (d,) from the source 


of radiation, without shielding 
7,=Intensity to be determined at a 
distance d, from the source of 
radiation 
d,, d,= Distances to the points where /, 
and /, are determined 
ux =Same as above. 


This relationship is relatively easy to 
work with as long as the radiation in ques- 
tion is monoenergetic and the radiologist 
has an accurate set of tables of u (the linear 
absorption coefficient) as a function of 
energy. This generally is not the case. The 
usual problems confronting the radiologist 
deal with either a roentgen-ray beam, 
which is heterogeneous in energy, or with 
radium capsules which emit gammma rays 
of 12 different energies. This eliminates the 
direct application of equation (2) to these 
problems. 

If half-value layers are used, another re- 
lationship may be established. Let x, the ab. 
sorber thickness, vary in multiples of the 
half-value layer of the absorber for the 
radiation in use. 

If X =Half-value layer thickness, then 
when 


x=X 
w=2X =e = 
— | 
x= 3X e#@X) = 33 
x=nX 


The relationship 1/2" = e-#* may be used to 
substitute into equation (2) to obtain: 


(3) 


Where = The number of half-value layers 
of shielding. 

To illustrate, consider the following ex- 
ample: 


* Assistant Professor of Radiology, Duke University Medical Center, Durham, North Carolina. 
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What would be the intensity at 300 cm. 
from the target of a roentgen tube when the 
known intensity at 50 cm. is 80 r/min. and 
a shield of 4 half-value layers of lead is be- 
tween the tube and the 300 cm. point? 
Then— 

I,=80 r/min. 

d,\=50 cm. 

d2= 300 cm. 

n=4 
8ox(50)? 80 
(300)?24 16 


=.139 r/min. 


The usual problem, however, requires 
that the radiologist determine the amount 
of shielding necessary to reduce a beam in- 
tensity to below permissible radiation 
levels. 

Equation (3) may be algebraically manip- 
ulated to give: 


T2(d2)* 


(4) 


Where 


I,=Intensity of radiation at distance d, 
without shielding 

I,=The maximum level of radiation to 
be allowed at distance d2 

n= The number of half-value layers that 
are required to obtain the desired 
radiation level 7, at distance dz 


Equation (4) may be simplified to a more 
applicable type of identity by letting 


Then 
(5) 
t 
Where 
T,= Dosage at distance d2, without shield- 


ing 

7,= Desired dosage rate (tolerance dos- 
age rate) at distance d» 

n= The number of half-value layers nec- 
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essary to obtain the tolerance dos- 
age rate at distance d2. 


It should be noted that this could be used 
for a composite of radiation sources, e.g., 
radiation due to leakage through the tube 
housing and radiation due to scatter from 
the primary beam for voltages lower than 
500 kv. In this voltage range, the shielding 
for scatter radiation would be based upon 
the energy of the primary beam.' 


Thus: 


2" = 


(6) 


Where 


I,= Intensity due to scattered radiation 
at distance d where shielding is re- 
quired 

I,=Intensity due to leakage through 
the tube housing at distance d 
where shielding is required 

T,= Beam intensity at scattering point 

k=Right angle scatter coefficient at a 
distance of 1 meter 

I :»=Leakage dosage rate through tube 
housing at I meter 

d= Distance from beam axis to shield- 
ing point in meters. 


APPLICATION 


To utilize these equations it is necessary 
that a table of powers of 2 be available and 
that values of half-value layers be known 
for the radiation in question. 

Table 1 gives the value of 2” for integer 
steps of 7. 

The values of half-value layers for mono- 


TABLE I 


INTEGRAL POWERS OF 2 


2 I 64 6 2,048 11 
4 4 128 4 4,096 12 
8 3 256 8 8,192 13 
16 4 §12 9 16,384 14 
32 5 1,024 10 32,768 15 
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SHIELDING FACTORS FOR 250 KV. PEAK, 
PULSATING POTENTIAL UNIT* 


Equivalent 
Cent Reduction No. of Half- Total 
rans- 
Factor value Shielding 
mission 
Layers 
3-13 1/32 5 1.3mm. Pb 
.098 1/ 1,024 10 4.3mm. Pb 
00306 1/32, 768 15 8.3mm. Pb 


* Obtained from analysis of the graph of attenuation in lead of 
roentgen rays produced by a pulsating potential of 250 kv. peak 
3 mm. Al filter, as found in N.B.S. Handbook 50. 


energetic radiation are readily obtainable 
in the literature. The obtaining of accurate 
half-value layers for roentgen-ray beams is 
not so simple. Since a roentgen beam has a 
continuous spectrum, each successive layer 
of absorber modifies the beam in the same 
manner as a filter. The exit beam is a more 
penetrating beam than the incident radia- 
tion, and the half-value layer would in- 
crease with each successive layer of shield- 
ing. 

The roentgen-ray spectrum from a direct 
current roentgen machine has a higher effec- 
tive energy than the spectrum from a pulsat- 
ing current roentgen unit. In the National 
Bureau of Standards Handbook 50, X-ray 
Protection Design,’ page 5, it is stated that 
the direct potential roentgen-ray machines 
may require approximately 10 per cent 
thicker (protective) barriers than the pulsat- 
ing potential machines. 

Due to these variables, the usual values 
given for half-value layers for shielding 
are approximate and in general con- 
servative toward the safe side. For ex- 
ample, the approximate half-value layer for 
250 kv. peak roentgen rays, 3 mm. Al filter, 
is given as 0.8 mm. Pb in N.B.S. Hand- 
book 50.2 The data shown in Table 11, were 
also derived from the curve of attenuation 
in lead produced from the information in 
N.B.S. Handbook 50.? 

It may be seen in Table 11, that (1) the 
first 5 half-value layers have an average 
value of 0.26 mm. lead, (2), the second 
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5 half-value layers have an average value 
of 0.6 mm. lead, and (3) the third 5 half. 
value layers have an average value of 0.8 
mm. lead. Thus, if the approximate value 
of o.8 mm. of lead is used in calculating 
shielding for 250 kv. peak roentgen rays, 
the error would be on the safe side until a 
requirement of 15 half-value layers has 
been exceeded. 

The use of a conservative figure of half- 
value layers for different potentials has been 
the usual practice in the literature. The 
same type of analysis, as above, for attenu- 
ation of roentgen rays in lead for different 
potentials, as found in N.B.S. Handbook 
50, reveals that the stated approximate 
half-value layers are conservative to the 
same degree. 

Table 111 gives the values of approximate 
half-value layers for some commonly used 
roentgen-ray potentials, as obtained from 
N.B.S. Handbook 50.? 

Table iv gives half-value layers for 
gamma radiation from several radioiso- 
topes. 

The data from Tables m1 and Iv may be 
used in connection with Equations (3), (4), 
and (5),in solving shielding problems. When 
the number of half-value layers of shielding 
that will be required is determined, the 
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APPROXIMATE HALF-VALUE LAYERS FOR 
ROENTGEN RAYS 


Approximate Half-value Layer 


Kv. peak Measured at High Filtration 
0.18 mm. Pb 
100* 0.24 mm. Pb 
150* 0.30 mm. Pb 
200* 0.50 mm. Pb 
250* o.8 mm. Pb 
400* 2.0 mm. Pb 
soot 3.0 mm. Pb 
1.5 in. Concretet 
1 ,coof 8.0 mm. Pb 
1.8 in. Concretef 
2 ,000§ 2.3 in. Concretet 


* Pulsating potentials with reflection targets. 

+ Constant potentials with transmission targets. 
¢ Concrete density is 147 lb. /ft.3 

§ Pulsating potential with transmission target. 


Vor 


So 


534 
| 
, 
: 
Me 
ta 
Vi 
n 
T 
per 
76 ti 
: 


Source 
Cesium 137 .64 cm. Pb 
Cobalt 60 1.24 cm. Pb 
Radium 1.43 cm. Pb 
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TABLe IV 


APPROXIMATE HALF-VALUE LAYERS FOR RADIOACTIVE SOURCES* 


5.33 cm. Concrete 
6.85 cm. Concrete 
7.36 cm. Concrete 


1.74 cm. Iron 
2.22 cm. Iron 
2.32 cm. Iron 


* Obtained from AECU-2,967, Radiation Safety in Industrial Radiography with Radioisotopes, P. M. Frazier, C. R. Buchanan, and 


Morgan; November, 1955. 


appropriate half-value layer may be ob- 
tained from either Table 111 or 1v and the 
total thickness of shielding obtained. 

The advantage of working with the half- 
value layer is that for a known intensity the 
number of half-value layers required to re- 
duce the beam to a predetermined tolerance 
level will be the same regardless of energy. 
The energy factor will not enter into the 
problem until the final step in the solution 
when the proper half-value thickness is 
determined for the radiation energy in use. 

To illustrate the use of the equations, 
consider the following problems. 

Problem 1. How much shielding will be 
required for a 100 kv. peak therapy installa- 
tion having a dosage rate of 100 r/min. 
at the point of scattering? The point to be 
protected is 3 meters from the beam axis 
and the direction of the beam is restricted 
so that the beam can never point toward the 
wall. The machine cannot operate more 
than four hours per day. 

Using equation (6): 


2° 


Using a scatter factor of k=.0o1 at 1 
meter from beam as given by Glasser ef 
al.; then 


[100 r/min. X 1,000 mr/r X60 min. | 


a hr. 
[.co1(1 m.)?| 
(3 m.)? 
6,000 mr mr 
= —-=666 — 
9 hr. hr 


Leakage= 1,000 mr/hr. at I meter from tube 


housing for a therapeutic tube hous- 


ing. (2). 
1,000 ——X (1 m.)? 
In hr. 
= =111 mr/hr. 
a? (3 m.)? 
T,=12.5 mr/hr. for a four hour day; six day 
week. 
Then 


666+111 777 
12.5 


= 62. 

Referring to Table 1 we see that when 
2"=64, n=6 so that 6 half-value layers are 
required. Table 11 gives 0.24 mm. Pb as the 
half-value layer for a 100 kv. peak beam. 
Therefore the total shielding required 
would be 6X0.24 mm. Pb=1.44 mm. Pb. 

Problem 2. The department wishes to in- 
stall a lead safe containing 500 mc of radium 
next to a wall which has a secretary’s desk 
on the opposite side. The distance between 
the secretary’s chair and the safe will be 
150 cm. How much lead will be required for 
an occupancy factor of 100 per cent? 

Using Equation 4 for primary radiation, 
we have 


Where 
I,=6.25 mr/hr. tolerance dosage rate for 

a 100 per cent occupancy factor for 

an eight hour day 
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I,=500 mc X 8,470 mr/mce hr. at cm. 
= 4.235 X 10° mr/hr. at 1 cm. 
d,;=1 cm. 
dy=150cm. 
Then 


m 
4-235 X 10° (1'cm.)? 
r. 


= -= 30.3. 
6.25 mr/hr. X (150 

Referring to Table 1, it is seen that when 
2"=32, m (the number of half-value 
layers)=5. Approximately 5_ half-value 
layers of shielding would be required. Table 
1v shows that the half-value layer forradium 
is 1.43 cm. of lead. The total amount of lead 
shielding required would be ¢ half-value 
layers X1.43 cm. Pb/HVL which is 7.15 
cm. of lead. 


DISCUSSION 


Since shielding values are based upon 
radiation dosage rates being delivered to a 
given point, it would seem that shielding 
formulae using such dosage rates would 
appear more logical to the newcomer in the 
field of radiology. When the radiation out- 
put in roentgen values is available for 
standard roentgen-ray equipment, these 
formulae are directly applicable. Formerly 
the roentgen output of equipment was not 
readily obtainable, and it was necessary 
that the physicist prepare special graphs 
and tables for use by the radiologist. 

A similar approach has been employed 
were the figure used to determine shielding 


Sanders Marcu, 1958 
requirements is the attenuation factor. This 
attenuation factor is the ratio of the radia- 
tion dosage rate at a given point to the 
desired radiation dosage rate at that point, 
The work above merely establishes a 
direct relationship between the formal 
physical formulae and this factor. 

It should be pointed out that this entire 
development could have been based upon 
tenth-value layers. The only change re. 
sulting would be a substitution of 10” for 2" 
in the development. In this instance 
would be the number of tenth-value layers, 


SUMMARY 


A discussion of shielding formulae has 
been presented. The approach to the calcu- 
lation of shielding requirements is based 
upon determining the number of half-value 
layers of shielding that are required to ob- 
tain tolerance radiation levels. Develop. 
ment and applications of the formulae to 
typical shielding problems are shown. 


Department of Radiology 
School of Medicine 

Duke University 
Durham, North Carolina 
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PRESENT STATUS OF RADIUM IN 


RADIATION THERAPY 


ee place of radium in radiotherapeu- 
tic practice has become in some respects 
a less prominent one since the introduction 
of artificial radioactive isotopes. It is inter- 
esting to speculate on the relative impor- 
tance that radium would have assumed 
had it not been discovered first. Potent 
economic and physical considerations make 
some isotopes more desirable than natur- 
rally occurring radium for certain specific 
applications. The circumstances under 
which these isotopes are being dispensed by 
the Atomic Energy Commission have made 
them relatively inexpensive and practical 
insofar as their availability to users is con- 
cerned. Aside from these aspects, physical 
attributes make various artificial radio- 
active isotopes better suited than radium 
for some problems. 

The external use of radium as a tele- 
therapy source, for example, was first re- 
placed by more practical high voltage and 
supervoltage roentgen ray generators. Then 
teletherapy gamma-ray emitting isotopes 
were introduced. Cobalt 60, possessing two 
monochromatic gamma radiations of 1.17 
and 1.33 mev., has been the economic 
answer to the problem of utilization of a 
gamma-ray source. It has an acceptable 
half life of 5.3 years and a specific activity 
permitting a practical output level. Cesium 
137, a fission product with an energy of 660 
kev. and a half life of 33 years, is the other 
practical isotope which has been developed 
as a teletherapy source. Other principal 
substances which have been used or have 
been suggested for such use are iridium 
192, europium 152-154, tantalum 182, and 
cerium’ 144. Aebersold! has _ thoroughly 
discussed the manifold problems in select- 


ing isotopes as teletherapy sources. Cer- 
tainly, radium has diminished in impor- 
tance in this type of application; only a 
few decacurie units are still in use, particu- 
larly in Europe. 

Radium in the form of plaques for sur- 
face applications still occupies a very use- 
ful place despite the introduction of P® 
solution in blotting paper or P® impreg- 
nated plastic sheets. The dosimetry of both 
the blotter and plastic sheet preparations 
is extremely difficult, and it has been 
shown that skin deposition occurs with 
both of these methods. The strontium go 
beta eye applicator has contributed par- 
ticularly to the management of certain 
ophthalmologic conditions, which could 
not be managed effectively with radium 
applicators due to the presence of gamma 
energies. However, radium plaques with 
monel facing remain of use in the treatment 
of certain lesions. 

Likewise, radium continues to be em- 
ployed widely in intracavitary applica- 
tions. Cobalt 60, gold 198, cesium 137, 
tantalum 182 and iridium Ig2 are some 
principal isotopes which have been adapted 
to intracavitary use in the form of needles, 
capsules, or other types of containers. In 
most instances the factor of economy pri- 
marily justifies their use over radium. 
However, the possible exposure hazard due 
to leakage of radium containers is also a 
problem to be considered. Gallagher and 
Saenger? have described the difficulties 


1 Aebersold, P. C. Radioisotopes as sources of gamma rays for 
therapy. Am. J. Roentcenot., Rap. THerapy & Nuciear MED., 
1953; 70; 126-135. 

2 Gallagher, R. G., and Saenger, E. L. Radium container ex- 
plosions. Am. J. Roentcenot., Rap, THERapy & Nuciear MED., 
1957s 77, 511-523. 
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attendant to radium contamination and 
have recommended departmental precau- 
tions in the event of such a disaster. This 
hazard can be minimized by periodic re- 
loading and checking of these containers to 
detect minor defects. Some intracavitary 
sources may contain isotopes in liquid form 
and the availability of such substances has 
made the construction of intracavitary 
applicators of various designs possible. 
Sodium 14 and bromine 82 have been used 
in intravesical bags in this fashion. Al- 
though such procedures appear more flexi- 
ble than treatment with radium and radon 
sources, which are used in standard shapes 
of applicators, these latter can be adapted 
to infinite geometric patterns, and fa- 
miliarity with them often permits superior 
results as compared to a limited back- 
ground with newer techniques. 

The colloidal suspensions of radioactive 
gold, chromic phosphate and yttrium have 
added still another facet to intracavitary 
applications in the management of malig- 
nant effusions and of some cases of early 
carcinoma of the ovary. 

Perhaps it is in interstitial uses where the 
artificial radioactive isotopes lend the 
greatest increase in versatility of our thera- 
peutic techniques. Although radium in the 
form of interstitial needles and radon in the 
form of glass or gold seeds and _ needles 
have been available for many years, the use 
of gold grains or seeds, iridium pellets and 
tantalum wire sutures! are some of the 
forms of interstitial sources now available. 
Combined beta and gamma energies are an 
additional advantage provided by these 
sources, as opposed to the predominantly 
gamma emitting filtered radium sources or 
radon containers. Isotope preparations in 
solution or in colloidal forms have further 
extended the principle of interstitial ad- 
ministration. Radioactive gold colloid has 
been used interstitially in the prostate, in 
the parametria for carcinoma of the cervix, 

3 Hensche, U. K. A technic for permanent implantation of 
radioisotopes. Radiology, 1957, 68, 256. 

‘van Miert, P. J., and Fowler, J. F. The use of tantalum 182 


in the treatment of early bladder carcinoma. Brit. 7. Radiol., 
1956, 29, 508-512. 
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and in other conditions on a more limited 
basis. None of these methods has, as yet, 
gained wide acceptance. Undesirable reac- 
tions and failure to effect a homogeneous 
distribution of the irradiation account for 
the majority of these failures. In this re- 
spect the introduction of such preparations 
has not remedied the basic problem of at- 
taining homogeneity in dose distribution 
with the use of interstitial sources. 

Glasser’ has aptly described the princi- 
ples employed in using and measuring 
ionizing radiations, which are basically the 
same regardless of their origin. Despite the 
economic criteria and reasons of specific 
application for the superiority of some iso- 
tope preparations over radium in certain 
instances, we Owe a great debt to the 
radium experience which has been accumu- 
lated through the years. This has been par- 
ticularly important from the standpoint of 
the biologic response to intracavitary and 
interstitial substances. All interstitial ap- 
plications must be reduced to geometric 
arrangements to enable the employment of 
dosimetric principles, all of which have 
been developed on the basis of radium ex- 
perience. There are still a limited number 
of selected cases in which interstitial or 
intracavitary techniques constitute the 
most desirable form of treatment. 

It is interesting to re-examine the consti- 
tution of the American Radium Society, 
where the foresight and wisdom embodied 
in the aims of this Society were stated at 
the time of its organization in 1916 as 
follows: “‘to promote the scientific study of 
radium and other sources of ionizing radi- 
ation in relation to their physical proper- 
ties and their therapeutic applications.” 

This and subsequent developments have 
served to emphasize and underscore the 
principle that artificial radioactive sub- 
stances are but still other sources of ioniz- 
ing radiation which in conjunction with 
radium and roentgen rays should be used 
to extend our therapeutic effectiveness. 


5 Glasser, O. Evolution of radiologic physics as applied to 
isotopes. Janeway Lecture, 1950., Am. J. Roenrceno. & Rap. 
THERAPY, 1951, 65, 515-528. 
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Further interest should be engendered in 
this field to encourage more extensive 
training of interested radiologists. Kerr® 
has stressed the importance of capable 
preceptors, and the selection of apt stu- 
dents with good clinical, pathologic and 
physics backgrounds and an avid interest in 


® Kerr, H. D. Some thoughts on the training of a radiation 
therapist. Janeway Lecture, 1951. Am. J. Roenrcenor. & Rap. 
THERAPY, 1951, 66, 873-879. 


Editorials 


Marcu, 1958 


radiobiology. At least a limited surgical 
experience is indispensable to good inter. 
stitial procedures. 

Only by applying the concepts embodied 
in the practice of radiation therapy based 
on these elements of training can the pa- 
tient be assured of the best to be gained 
from the therapeutic application of ioniz. 
ing energies, whatever their source. 


KENNETH L. Krappenuort, M.D, 
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Blackstone Studios, New York City 


CHARLES WADSWORTH SCHWARTZ 
1891-1957 


HARLES WADSWORTH SCHWARTZ, 

“Waddy” to hosts of friends, died 
October 30, 1957, at the age of sixty-six. 
Within the month he and his wife, Marie 
Kenedy Schwartz, had attended the Wash- 
ington meeting of the American Roentgen 
Ray Society, and he seemed quite his old 
jocular self, notwithstanding that pre- 


carious health had caused him to retire 
from practice. 

Patients who have undergone a_ uni- 
lateral lumbar sympathectomy for hyper- 
tension testify that there is a postoperative 
period that is most painful. In 1947 Waddy 
underwent the procedure, and elected to 
have both sides done at the same time and 
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get it over. He had a good result and prac- 
ticed for a number of years afterward. In 
fact, his death was not from a vascular 
cause, but from bronchopneumonia. 

Waddy was a Connecticut Yankee, born 
September 16, 1891. He graduated from 
Sheffield at Yale as a chemist in 1914 and 
as a doctor of medicine from Harvard in 
1919. He held the first x-ray internship 
that the Peter Bent Brigham Hospital 
offered. With this background of Cushing 
tradition, he helped organize the radiologic 
department of the Neurological Institute 
in New York, and was its director from 
1922 to 1940. The distinguished Cornelius 
G. Dyke was his protégé and followed him 
as director. In 1940 Waddy took over the 
directorship of St. Agnes’ Hospital in White 
Plains. 

Dr. Schwartz’s published works in ra- 
diology are impressive. He and Dr. Lois 
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Cowan Collins wrote ‘““The Skull and Brain 
Roentgenologically Considered.” He was 
always a gadgeteer and had several patents 
to his credit. For recreation he took great 
delight in motor-boating. I think that a 
remark he once made to me is significant: 
“When I am out on that boat I spend my 
time thinking about accidents that could 
happen and what to do if they did.” 

It is a harrassing and at times ungrateful 
job to be on the commission of examiners 
in radiology for New York County. Waddy 
served as its chairman for many years. He 
was a member of many scientific societies, 
of The Sons of the Revolution, The Larch- 
mont Yacht Club, and of The United States 
Power Squadron. Besides his wife, he is 
survived by two sons, Thomas Wadsworth 
and KennethS. Schwartz, and by one grand- 
son, Thomas Wadsworth Schwartz. 


Ramsay M.D. 
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SOCIETY PROCEEDINGS AND NEWS ITEMS 


DAVID ANDERSON-BERRY PRIZE (1958) 


A David Anderson-Berry Silver-Gilt Medal, to- 
gether with a sum of money amounting to not less 
than £100, will be awarded in 1958 by the Council 
of the Royal Society of Edinburgh. The award is 
offered for recent work on the effects of X-rays and 
other forms of radiation on living tissues. Published 
work will be taken into consideration if submitted 
to the Society with the application. 

In addition to direct application for the prize, 
proposals may be made on behalf of others. 

Applications and proposals must be in the hands of 
the General Secretary, Royal Society of Edinburgh, 
22-24 George Street, Edinburgh, 2, Scotland, not 
later than March 31, 1958. 


INSTRUCTIONAL COURSE ON RADIOISOTOPES 


A full-time postgraduate course on “Clinical Uses 
of Radioisotopes” will be given by the Department 
of Radiology of Indiana University School of Medi- 
cine at Indianapolis from April 7 through April 19, 
1958. 

The first week of the course will consist of lectures 
and demonstrations on the physics, biophysics, diag- 
nostic and therapeutic applications of isotopes. 
Twelve eminent authorities from the Midwestern 
area have been invited to participate on the teaching 
staff, each presenting subject matter in the field of 
his own special interest. 

The second week of the course will be devoted to 
the laboratory application of the material covered 
in the first week. Here the registrant will perform 
supervised radioisotope procedures, utilizing differ- 
ent diagnostic and therapeutic applications with a 
variety of equipment and methods. 

Enrollment for the course is limited to 50 for the 
lectures and 20 for the laboratory. The fee is $100.00 
for each part of the course. Inquiries should be di- 
rected to Dr. J. A. Campbell, Indiana University 
Medical Center, 1100 West Michigan Street, Indi- 
anapolis 7, Indiana. 


JOSEPH AND SAMUEL FREEDMAN LECTURES 


On Saturday and Sunday, March 29 and March 
30, 1958, Dr. Laurence L. Robbins, Radiologist-in- 
Chief, Department of Radiology of Massachusetts 
General Hospital, Boston, Massachusetts, will de- 
liver the Tenth Annual Joseph and Samuel Freed- 
man Lectures in Diagnostic Radiology at the Uni- 
versity of Cincinnati College of Medicine. Radiolo- 
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gists desiring to attend are requested to write Dr. 
Benjamin Felson, X-ray Department, Cincinnati 
General Hospital, for further details. 


SECOND AUSTRALASIAN CONFERENCE IN 
RADIATION BIOLOGY 


The Second Australasian Conference in Radiation 
Biology will be held at the Cancer Institute, Mel- 
bourne, Australia, during the week of December 15- 
19, 1958. 

Proferred papers on relevant subjects are invited, 
and titles and a 250 word abstract should be in the 
hands of the Convener by July 31, 1958. 

Further information for those wishing to attend 
or present papers may be obtained from the Con- 
vener, Dr. J. H. Martin, Physics Department, 
Cancer Institute Board, 483 Lt. Lonsdale Street, 
Melbourne, Victoria, Australia. 


OFFICERS OF AMERICAN COLLEGE 
OF RADIOLOGY 


At the Annual Meeting of the American College of 
Radiology, held on February 7, 1958 at the Drake 
Hotel in Chicago, the following officers were elected: 
President, Vincent William Archer, University of 
Virginia Hospital, University Station, Charlottes- 
ville, Virginia; Vice-President, Ivan M. Woolley, 
Portland, Oregon; Secretary-Treasurer, Fay H. 
Squire, Chicago, Illinois; Chairman of Board of 
Chancellors, Earl E. Barth, Chicago, Illinois; new 
Chancellors, Harold O. Peterson, Minneapolis, Min- 
nesota; John A. Evans, New York, New York; 
Robert K. Arbuckle, Oakland, California, Repre- 
sentative of the American Roentgen Ray Society; 
Robert A. Macpherson, Winnipeg, Canada, Repre- 
sentative of the Canadian Association of Radiolo- 
gists. 

The Executive Director of the American College of 
Radiology is William C. Stronach, 20 North Wacker 
Drive, Chicago 6, Illinois. 


DOCTORS GOLDEN AND WASSON HONORED 
The Gold Medal of the American College of 


Radiology was awarded on Friday evening, February 
7, 1958 at the Drake Hotel in Chicago following the 
Fellowship Convocation, to Dr. Ross Golden, Los 
Angeles, California, and Dr. W. Walter Wasson, 
Denver, Colorado, “for distinguished and extraordi- 
nary service to the American College of Radiology 
and to the profession for which it stands.” 
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BOOK REVIEWS 


Books sent for review are acknowledged under: Books Received. This must be regarded as a sufficient return 
for the courtesy of the sender. Selections will be made for review in the interest of our readers as space permits. 


GRUNDLAGEN UND PRAxis DER BEWEGUNGS- 
BESTRAHLUNG. Band II. By H. Langendorff, 
W. K. Lelbach, R. Janker, and K. Ross- 
mann. Cloth. Pp. 212, with numerous illus- 
trations. Verlag W. Girardet, Neumarkstr. 
50, Wuppertal-Elberfeld, Germany, 1955. 


Professor Dr. R. Janker, of the University of 
Bonn, has been conducting refresher courses in 
the fields of roentgenology and radiation ther- 
apy at the University of Bonn. The present 
volume is titled Volume II, consisting of the 
lectures delivered at the second annual roent- 
genologic week-end course given at this uni- 
versity by the four authors. The lectures are 
dedicated to the memory of Professor Dr. 
Hans Meyer of Marburg, who in Kiel, in 1913, 
carried out, so far as the authors know, the 
first pendulum radiation therapy, and to the 
late Dr. Richard Werner of Heidelberg, who in 
1907 was the first to practice convergence ir- 
radiation and to lay the basis for moving beam 
therapy. The entire field of moving beam 
therapy is carefully reviewed from the stand- 
point of radiobiology, histologic changes in the 
irradiated tissues, the methods of producing the 
moving beam irradiation, and particularly the 
distribution of the dose and its measurement. 

The final chapters deal with a number of 
practical problems relating to the subject, 
including the statement of the indications and 


experiences with this type of radiation therapy. 
James T. Case, M.D. 


Practica, Dermatotocy. By Samuel M. 
Peck, B.S., M.D., Dermatologist to the 
Mount Sinai Hospital, New York, Associate 
Clinical Professor of Dermatology, Columbia 
University, Associate Editor, Journal of 
Investigative Dermatology; with Laurence 
L. Palitz, M.D., Ph.D., Attending Derma- 
tologist, Long Island Jewish Hospital, As- 
sistant Attending Dermatologist, Mount 
Sinai Hospital, New York, Adjunct Attend- 
ing Dermatologist, Montefiore Hospital, 
New York. Cloth. Price, $7.00. Pp. 380, with 
122 illustrations. McGraw-Hill Book Com- 
pany, Inc., 330 West 42nd Street, New York 
36, New York, 1957. 


This book, written for busy practitioners, is 


avowed to be a “‘personal book” with “‘unortho- 
dox grouping” of disease entities. The authors 
have certainly succeeded in both respects. 

In the introductory chapter to diagnosis and 
treatment there is a brief, excellent discussion 
on history-taking with emphasis on stressing 
the past history of treatment. However, in 
reviewing the primary lesions no mention is 
made of the macule. No secondary lesions are 
mentioned and the approach of examination is 
by means of inspection. Palpation is decried 
by the authors as ‘“‘of value in only rare in- 
stances,” and “certainly cannot be considered 
an important diagnostic aid.” There would be 
many, including this reviewer, who would take 
issue with this view. 

In the chapter on “Diseases Due to Known 
Infectious Agents,” the “‘contagiousness of 
impetigo” is stressed, a fact about which there 
is some disagreement in older children and 
adults. Quinolor is apparently a preferred thera- 
peutic agent and despite its usefulness in some 
follicular infections, most physicians employ the 
more commonly used antibiotics both topically 
and systemically. In recalcitrant infections the 
use of appropriate culture and sensitivity studies 
will probably yield quicker results than a thera- 
peutic trial of a potentially sensitizing agent. 

There is an excellent chapter on the super- 
ficial fungous infections with emphasis on the 
practical management. Likewise, acne and 
rosacea are excellently discussed from the con- 
servative standpoint. The authors prefer sex 
hormones rather than roentgen therapy, stating 
that they achieve similarly desirable inhibition 
of sebaceous gland secretion with these medical 
means. 

In view of the wide experience of the senior 
author, it is not surprising that the chapter on 
contact dermatitis should be superbly handled. 
However, in the discussion of ‘‘eczema,” it is 
doubtful if the busy practitioner is served by 
the definition of dermatitis as caused by a 
primary irritant or sensitizer and eczema as 
caused by an allergic reaction of internal or 
external origin. 

Although the accent is on the dermatologic 
disorders “‘as they are commonly met in daily 
practice” this reviewer feels that the chapter on 
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endocrine diseases could profitably omit refer- 
ence to dystrophia adiposogenitalis or adiposis 
dolorosa, and in other sections to macular and 
papular amyloidosis, hardly commonly en- 
countered conditions in the office of the general 
physician. On the other hand, the discussion of 
diabetes mellitus could have been profitably ex- 
panded to include the modern dermatologic 
and medical management of foot care, so im- 
portant in preventing complications. 

The authors’ assumptions concerning the 
etiology and pathogenesis of ‘‘varicose eczemas”’ 
would be debated by most experts in the field of 
circulation, who feel that the presence of vari- 
cosities per se may have little role in the causal 
chain producing capillary hypertension, en- 
suing transudation, and edema, which lead to 
difficulty, dermatitis, and infection. 

The discussion on xanthomatosis does not 
place sufficient stress on adequate workup, 
which may reveal the presence of a more serious 
systemic defect in lipid transport, now fre- 
quently correctable with modern therapy. 

Undue emphasis is placed on the manage- 
ment of pemphigus, a rare disease, and less on 
lupus erythematosus, a rare disease of increas- 
ing importance as the frequency of cases rises. 

There is an excellent survey on syphilis and 
the minor venereal diseases. Psoriasis, sebor- 
rheic dermatitis, and the diseases due to animal 
parasites are well handled in proper perspective. 

In general, the book succeeds in its aim, 
although it is perhaps a bit too subjective. The 
illustrations are well chosen and add to its 
value. A failing is the de-emphasis on clinical 
diagnosis and emphasis on the new doctrines, 
both orthodox and unorthodox. This is counter- 
balanced by the excellent, although summary, 
discussion of local therapy based upon selected, 
effective, and for the most part, nonsensitizing 
preparations. 

Although of value to the practitioner, since 
its approach is fundamentally modern, espe- 
cially regarding therapy, this book will prob- 
ably prove of little value to the radiologist. 

Artuur C, Curtis, M.D. 


Use or By William 
H. Beierwaltes, M.D., Associate Professor of 
Internal Medicine and Coordinator, Clinical 
Radioisotope Unit, University Hospital, Ann 
Arbor; Philip C. Johnson, M.D., Assistant 
Professor of Internal Medicine and Chief, 
Radioisotope Unit, Veterans Administra- 
tion Hospital, Oklahoma Medical School, 
Oklahoma City; and Arthur J. Solari, B.S., 
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M.S. (Physics), Department of Radiology, 
Radiation Physicist for Clinical Radioisotope 
Unit and Kresge Research Isotope Unit, 
University Hospital, Ann Arbor. Cloth. Price, 
$11.50. Pp. 456, with 126 illustrations. W. B. 
Saunders Company, 218 West Washington 
Square, Philadelphia 5, Pennsylvania, 1957. 


This volume on the “Clinical Use of Radio- 
isotopes” has been long awaited and, as the 
title indicates, is an effort to compile the ma- 
terial primarily from the standpoint of clini- 
cal usage. Therein lies its greatest value. 

An adequate coverage of physics is presented 
to enable the beginner at least to have some 
comprehension of instrumentation and the 
underlying principles. There are chapters on 
the actual installation of a clinical radioisotope 
unit and on the statistics of counting. 

Emphasis is directed toward radiation haz- 
ards which should serve to better equip those 
unaccustomed to handling radioactive materi- 
als. A chapter devoted to radiobiology de- 
scribes the various reactions to be seen in 
human exposures to these modalities. 

The requirements set forth by the Atomic 
Energy Commission for certification in the use 
of radioisotopes are outlined insofar as indi- 
vidual training, experience and equipment are 
concerned. 

The chapters dealing with thyroid physiol- 
ogy, I'*! tests of thyroid function, the therapeu- 
tic use of I*!, as well as the diagnosis and treat- 
ment of thyroid neoplasms, are well conceived 
and completely written. Although the therapy 
dose levels employed by the authors may be 
somewhat higher than those used by others, 
they are in general agreement with usual prac- 
tice. The other uses of I'!, i.¢., blood volume 
determinations and certain tracer applications, 
are thoroughly described and adequately illus- 
trated. 

There is pertinent information relative to the 
use of radioactive phosphorus, radiogold, 
radioactive chromium, cobalt 60 and radio- 
active iron. This material is presented in ex- 
cellent detail and is accurately evaluated. A 
chapter devoted to less commonly used radio- 
isotopes makes this volume more complete 
although there are no practical clinical appli- 
cations to be found in this section. 

This book represents the most notable con- 
tribution of its kind to date and will be of 
inestimable aid to the workers in the field of 
nuclear medicine. 


K. L. Krassenuort, M.D. 
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TEXTBOOK OF PATHOLOGY; WITH CLINICAL 
Apptications. By Stanley L. Robbins, 
M.D., Associate Professor of Pathology, 
Boston University School of Medicine; As- 
sociate Director of the Mallory Institute of 
Pathology, Boston, Massachusetts; Lec- 
turer, Harvard Medical School and Tufts 
University School of Medicine. Cloth. Price, 
$18.00. Pp. 1,351, with 933 illustrations. 
W. B. Saunders Company, 218 West Wash- 
ington Square, Philadelphia 5, Pennsylvania, 
1957. 

This new textbook of pathology is particu- 
larly welcome because it emphasizes the rela- 
tion of pathologic processes to clinical medicine 
more successfully than any previous text. The 
author states this as his purpose in his preface 
and the more one becomes familiar with the 
book, the more one realizes the value of the 
contribution the author has made. 

The logical sequence followed throughout the 
book makes it valuable not only to trained 
pathologists but to workers in other fields of 
medicine. There are so many noteworthy sec- 
tions in the book that a detailed discussion of 
them is not feasible in a short review. The 
chapter on collagen diseases is a highlight that 
will be widely read, and the chapter on dis- 
turbances of body fluids presents an orderly 
organization of the relatively recent advances 
in this field, which are so important in clinical 
medicine. I have used the book as a reference 
and find each subject well covered and so well 
written that reading is not tiresome. 

The bibliographies are excellent, not so much 
for documentation as for stimulation to further 
reading. The illustrations are very good. They 
have been selected and executed by the photog- 
rapher and the printer so that they amply 
satisfy the users of the book whose visual per- 
ceptions take precedence over their ability to 
gain knowledge from the printed page. This is 
especially true of the photomicrographs, which 
are so well-depicted that most of them are 
recognizable without reference to the captions. 

The author is to be congratulated on provid- 
ing a new book which will be widely accepted in 
all branches of medicine, as well as in the 
specialty of pathology. 

W. L. Brosius, M.D. 


Human Cancer; A Manuat For STUDENTS 
AND Puysicians. By Maurice M. Black, 
M.D., Associate Professor of Pathology and 
Clinical Pathology, New York Medical Col- 
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lege, Flower and Fifth Avenue Hospitals; and 
Francis D. Speer, M.D., F.A.C.P., Professor 
and Director, Department of Pathology and 
Clinical Pathology, New York Medical Col. 
lege, Flower and Fifth Avenue Hospitals, 
Cloth. Price, $7.50. Pp. 273, with figures and 
tables. Year Book Publishers, Inc., 200 EF, 
Illinois Street, Chicago 11, Illinois, 1957. 


The authors wisely state that no report on 
human cancer can be considered definitive at 
this time. They have accordingly undertaken a 
concise and systematic presentation of the sub- 
ject pointing out the known, unknown and cor. 
troversial. They discuss cancer detection, hu- 
man carcinogenesis, biologic behavior and bio- 
chemistry of the disease, and chemical and radi- 
ation therapy. In succeeding chapters they then 
take up cancer of the various body systems and 
close with a discussion of cancer in infancy and 
childhood. 

Because the material is briefly presented, 
factual and informative with ample references 
at the close of each chapter, this took should 
prove helpful to the practicing physician. 

S. Reveno, M.D. 


ATLAS OF TuMORs OF THE NERVOUS SystTEM. By 
H. M. Zimmerman, M.D., Chief, Laboratory 
Division, Montefiore Hospital, and Professor 
of Pathology, College of Physicians and 
Surgeons, Columbia University, New York 
City; Martin G. Netsky, M.D., Associate 
Neuropathologist and Associate Attending 
Physician in Neuropsychiatry, Montefiore 
Hospital, New York City; Presently Pro- 
fessor of Neuropathology and Associate Pro- 
fessor of Neurology, The Bowman Gray 
School of Medicine of Wake Forest College, 
Winston-Salem, North Carolina; and Leo M. 
Davidoff, M.D., Attending Neurological 
Surgeon, Montefiore Hospital, and Professor 
and Chairman, Department of Surgery, 
Albert Einstein College of Medicine, New 
York City. Cloth. Price, $25.00. Pp. 191, 
with 277 illustrations. Lea & Febiger, Wash- 
ington Square, Philadelphia 6, Pennsylvania, 
1956. 

In the publication of “Atlas of Tumors of the 
Nervous System” the authors, have presented 
a bird’s-eye view of this field of medicine, out- 
lining clearly the morphologic features of these 
tumors and also their biologic behavior, locali- 
zation, treatment and prognosis. This has been 
accomplished mainly by means of technically 
unexcelled illustrations, 233 of which are in 
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color. The atlas tells in a concentrated form the 
main story of each type of tumor a neurosur- 
geon is likely to encounter in a lifetime of prac- 
tice. 

In their presentation, the authors have not 
developed any new concept, but have solidified 
old views of proven and lasting values. Thus, 
for example, they have adhered to the classifica- 
tion of the glioma group of tumors as worked 
out by Bailey and Cushing in 1926. In general, 
no part of the central nervous system has been 
overlooked and a complete, although not par- 
ticularly detailed, picture is given of space- 
occupying lesions involving the brain, spinal 
cord, peripheral nerves and autonomic nervous 
system—be it primary, metastatic or infectious 
in nature. 

Although small in size, this atlas may prove 
particularly valuable as a reference book on 
the morphologic features and should be re- 
warding to anyone interested in this type of 


work, 
AacE Nietsen, M.D. 


Biakiston’s New Goutp Meopicat Dicrion- 
ary. Editors: Normand L. Hoerr, A.B., 
Ph.D., M.D., Henry Willson Payne Professor 
of Anatomy, School of Medicine, Western 
Reserve University, Cleveland, Ohio; and 
Arthur Osol, Ph.G., B.Sc. (Chem.), M.Sc. 
(Chem.), Ph.D., Professor of Chemistry and 
Director of the Chemistry Department, Phil- 
adelphia College of Pharmacy and Science, 
Philadelphia, Pennsylvania; with the co- 
operation of an editorial board and 88 con- 
tributors. Second edition. Cloth. Price, 
$11.50. Pp. 1463, with 252 illustrations. 
McGraw-Hill Book Company, Inc., 330 West 
42nd Street, New York 36, New York, 1956. 


This excellent second edition of the well ac- 
cepted medical dictionary presents a greatly 
expanded volume encompassing the latest de- 
velopments in medicine and ancillary fields. An 
attempt has been made to keep pace with the 
rapidly changing terminology in such fields as 
chest surgery, psychiatry, oncology, nuclear 
medicine and endocrinology, to cite but a few. 
Some 12,000 new terms have been added with 
approximately 8,000 changes. Forty-five glossy 
plates of human anatomy, dentistry, embryol- 
ogy, hematology, bacteriology, parasitology 
and certain diseased states are used to illustrate 
this fine, handsomely bound volume. 

The liberal inclusion of names prominent in 
the history of medicine, as well as eponyms, 
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will be especially interesting to the medical his- 
torian. There are numerous cross-references 
which make this book more than a compilation 
of isolated facts and events. 

An extensive and valuable appendix contains 
tables of anatomic structures, radioactive iso- 
topes, thermometric equivalents, vitamins, 
weights and measures and other useful data. 

This book is one of the outstanding medical 
dictionaries available today and should be on 
every physician’s desk for ready use. 


K. L. Krappenuort, M.D. 
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A Text-Book or X-Ray Dracnosis sy BritisH 
Autuors IN Four Votumes. Volume I. Edited by 
S. Cochrane Shanks, M.D., F.R.C.P., F.F.R., and 
Peter Kerley, C.V.O., C.B.E., M.D., F.R.C.P., 
F.F.R., D.M.R.E. Third edition. Cloth. Price, 
$18.00. Pp. 521, with 533 illustrations. W. B. 
Saunders Company, 218 West Washington Square, 
Philadelphia 5, Pennsylvania, 1957. 

Tue Srory or Peptic Utcer. Conceived by Richard 
D. Tonkin, M.D., F.R.C.P., Westminster Hos- 
pital, London; characterized by Raymond Keith 
Hellier, F.R.S.A. Cloth. Price, $2.25. Pp. 71, with 
numerous illustrations. W. B. Saunders Company, 
218 West Washington Square, Philadelphia 5, 
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AGGREGATION OF EryTHROCYTES IN SMALL BLoop 
VessELs; CLINICAL AND EXPERIMENTAL STUDIES. 
The Scandinavian Journal of Clinical & Labo- 
ratory Investigation, Supplement 28. By J¢rgen 
Weis-Fogh. Paper. Pp. 106, with 27 illustrations. 
The Scandinavian Journal of Clinical & Labora- 
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L’Inrestin Norma er PatHo.ocique. By 
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Bourbon. Cloth. Pp. 577, with 556 illustrations. 
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DIATION ON Human Berncs. By Harold O. 
Davidson. Cloth. Price, $3.00. Pp. tor, with 
illustrations. The Johns Hopkins Press, Home- 
wood, Baltimore 18, Maryland, 1957. 

La Broncocraria. By L. di Guglielmo, Istituto di 
Radiologia dell’Universita di Pavia; L. Pigorini, 
Istituto “C. Forlanini” Clinica Tisiologica dell’ 
Universita di Roma; and G. A. Citroni, Clinica 
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fr. Pp. 244, with 139 illustrations. Masson et C*, 
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Br. Cloth. Price, DM 59.—. Pp. 540, with 118 
illustrations. Georg Thieme, Herdweg 63, Stutt- 
gart, Germany, 1957. 

ANGIOGRAPHIE DER NIEREN. By Erich Vogler, Univ.- 
Dozent Dr. Med. Univ.; and Rudolph Herbst, 
A. O. Univ.-Prof. Dr. Med. Univ. Cloth. Price, 
DM 54.—. Pp. 112, with 97 illustrations. Georg 
Thieme, Herdweg 63, Stuttgart, Germany, 1957. 

Annual Review or Nuciear Science. Volume 7. 
James G. Beckerley, Editor, Schlumberger Well 
Surveying Corporation; Robert Hofstadter, As- 
sociate Editor, Stanford University; and Leonard 
I. Schiff, Associate Editor, Stanford University. 
Cloth. Price, $7.00. Pp. 496, with numerous illus- 
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terian Hospital, New York City; and Morton M. 
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ABSTRACTS 


OF RADIOLOGICAL 
LITERATURE 


Department Editor: T. Leucuria, M.D. Harper Hospital, Detroit, 1, Michigan 
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ROENTGEN DIAGNOSIS 
NeEcK AND CHEST 


EscH, D., and THurn, P. Zur Pathogenese 
und diagnostischen Bedeutung der kostodia- 
phragmalen Septumlinien bei der Mitral- 
stenose. (Pathogenesis and diagnostic signifi- 
cance of costodiaphragmatic “‘septal lines” in 
mitral stenosis.) Fortschr. a. d. Geb. d. Rént- 
genstrahlen u. d. Nuklearmedizin, July, 1957, 
87, 7-16. (From: Medizinische Klinik der 
Universitat, Bonn, Germany.) 


Fine horizontal lines are often noted in the costo- 
phrenic sulci and lateral basilar portions of the lung 
in cases of mitral stenosis. 

After a discussion of the pathogenesis and diag- 
nostic significance of these lines, the following con- 
clusions are drawn: The presence of these lines indi- 
cates severe mitral stenosis, but the absence of the 
lines does not exclude it. Increased pulmonary ve- 
nous pressure, venous hypoxia, dilatation of sulci- 
pleural and septal lymph vessels as well as inter- 
stitial edema of the interlobular septa are the most 
likely factors in the pathogenesis. Increased arterial 
pressure alone will not produce septal lines. Regres- 
sion after valvulectomy is an indication of favorable 
result, but persistence of the lines may be due to 
thickening of interlobular septa and does not neces- 
sarily indicate failure of the operation.—Frederick 
M. Reis, M.D. 


STEINBERG, Manoiarpi, JosepH L., 
and Nosie, J. Aneurysmal dilata- 
tion of the aortic sinuses in Marfan’s syn- 
drome; angiocardiographic and cardiac cath- 
eterization studies in identical twins. Cir- 
culation, Sept., 1957, 76, 368-373. (From: 
St. Francis Hospital and Sanatorium, Ros- 


lyn, N. Y.) 


Two cases (two year old identical twins) of Mar- 
fan’s syndrome diagnosed during life are presented. 
The principal features of Marfan’s syndrome are 
arachnodactyly, dolichocephaly, congenital bilateral 
dislocation of the lens, myopia, and medial degenera- 
tion of the aorta producing aneurysmal dilatation of 
the ascending portion. It is suggested that the 
changes may be due to a hereditary defect in the 
chondroitin sulfate metabolism. 

All of the above characteristics may be evident in 
the adult case but they are usually obscure in the in- 
fant. The reported cases were discovered during an 
investigation of cardiac murmurs. Each child dem- 
onstrated an aneurysm of the aortic sinuses and sub- 
sequently the eye changes were elicited. Both chil- 
dren were considered normal and healthy. The 
murmur was found on a routine physical examination 
for an upper respiratory infection —Frank M. Win- 
drow, M.D. 


Abstracts of Radiological Literature 


551 


MEEHAN, JoHN J., Pastor, BERNARD H., and 
Torre, Antuony V., Dissecting aneurysm of 
the aorta secondary to tuberculous aortitis. 
Circulation, Oct., 1957, 76, 615-620. (From: 
The Departments of Medicine and Path- 
ology, Veterans Administration Hospital, 
Philadelphia, Pa.) 


Twenty-nine cases of tuberculous aortitis have 
been reported in the literature prior to this one. 
Twenty-eight of these have been associated with an- 
eurysm but none with dissecting aneurysm. The pres- 
ent case had a long history of extensive tuberculosis 
involving the spine, kidneys, epididymis and lungs. 
He had mild but typical pains of dissection and the 
diagnosis was established two years prior to his 
death. 

Autopsy showed a dissection from the left sub- 
clavian artery to the renal arteries. At the origin the 
intima and media were penetrated and from there to 
the lower extremity of the lesion the dissection in- 
volved the adventitia. It re-entered the normal lu- 
men just above the renal arteries. The false lumen 
was filled with organized clot and was lined with 
caseation tissue. Acid fast bacilli were demonstrated 
in sections of the false lumen. The aneurysm was 
considered healed and the patient’s death was con- 
sidered to be due to congestive heart failure.— 
Frank M. Windrow, M.D. 


STEINBERG, IsRAEL. Anomalous pulmonary 
venous drainage of right lung into inferior 
vena cava with malrotation of the heart; re- 
port of three cases. Ann. Int. Med., August, 
1957, 47, 227-240. (From: The Departments 
of Radiology and Medicine, The New York 
Hospital-Cornell Medical Center, New York, 
and the Department of Radiology, The U. S. 
Naval Hospital, St. Albans, N. Y.) 


The author reports 3 cases of marked rotation of 
the heart into the right hemithorax with anomalous 
pulmonary venous drainage from the right lung into 
the inferior vena cava, which occurred in asympto- 
matic patients. 

In each of 2 of the cases, the characteristic appear- 
ance of the multiple-branching crescentic trunk ad- 
jacent to the right cardiac border was noted on the 
roentgenogram. In the third case, the anomalous 
channels were obscured by the heart, and the diag- 
nosis was suggested by an overpenetrated chest 
roentgenogram. 

A review of the literature indicates that there are 
now about 20 living patients with anomalous pul- 
monary venous drainage of the right lung into the in- 
ferior vena cava. Bruwer has described the charac- 
teristic appearance of this condition as revealed by 
the conventional roentgenograms and laminagrams. 
The author believes that definite proof depends upon 
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the visualization of the anomaly by angiocardiogra- 
phy. 

It has been noted that in the development of the 
superior vena caval system, persistence of the left 
cardinal vein (left superior vena cava) and malfor- 
mations of the pulmonary veins are closely related. 
The sparsity of the pulmonary circulation of the right 
upper lung field and the unusual configuration of the 
vessels of the lower two-thirds of the lung field have 
been reported. As a rule, the right border of the 
heart projects beyond the spine into the right hemi- 
thorax. It is not believed that this rotation is the re- 
sult of dilatation of the chambers. 

An analysis of the present 3 cases, of 3 cases re- 
ported previously and a seventh case to be reported, 
revealed that 6 of the 7 patients were asymptomatic 
and were discovered after routine chest roentgenog- 
raphy. The ages in the seven cases varied from 
twenty to fifty-nine years. Four were male and 3 fe- 
male. 

In 6 cases of anomalous pulmonary venous drain- 
age of the right lung into the inferior vena cava, rou- 
tine chest roentgenograms showed the typical, 
broad, multiple-branching channel which curved in 
crescentic fashion near the right cardiac border and 
descended toward the right cardiohepatic region. In 
4 cases the right atrium was prominent and pro- 
jected slightly into the right hemithorax. In 3 cases 
reported in this article, there was marked rotation of 
the heart into the right hemithorax 

Angiocardiography is necessary for definitive diag- 
nosis because by this method visualization of the 
course of the right anomalous pulmonary venous 
system as it enters the inferior vena cava is accom- 
plished. In addition, it gives information regarding 
the cardiac chambers, pulmonary arteries and pul- 
monary arterial vasculature. Recirculation of blood 
from the anomalous pulmonary venous system into 
the right heart structures can also be determined. 

In the differential diagnosis pulmonary arterio- 
venous fistula of the right lower lung field may sim- 
ulate anomalous right pulmonary veins inserting into 
the inferior vena cava. Absence of right atrial prom- 
inence and the presence of a vascular bruit in arterio- 
venous fistula should differentiate the lesions. Con- 
genital absence of the right pulmonary artery may 
be suggested because of the mediastinal and cardiac 
shifting. Absence of the right arterial tree and the 
“lacy” pattern of the vasculature should suggest the 
bronchial rather than the pulmonary arterial cir- 
culation. Anomalous systemic arteries from the ab- 
dominal aorta perforating the diaphragm and enter- 
ing a hypoplastic right lung may produce some diffi- 
culty in differential diagnosis. While in such a case, 
disabling dyspnea may be present, the correct diag- 
nosis can be established by angiocardiography.— 
F. N. Ané, M.D. 


Durant, THomas M., Staurrer, H. M., Op- 
PENHEIMER, M. J., and Paut, Rosert E., 
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Jr. The safety of intravascular carbon diox. 
ide and its use for roentgenologic visualiza- 
tion of intracardiac structures. dun. Int. 
Med., August, 1957, 47, 191-201. (From: De. 
partments of Medicine, Radiology and Phys. 
iology, Temple University School of Medi- 
cine, Philadelphia, Pa.) 


Because of the risk of serious and even fatal acci- 
dents associated with air injection into the body 
cavities or tissues, the authors have successfully car- 
ried out a series of studies in which carbon dioxide 
was injected intravenously and into the chambers of 
the heart in experimental animals. The safety of the 
procedure depends upon the fact that carbon diox- 
ide is 20 times as soluble in serum as is air or oxygen, 

The authors were able to inject very large amounts 
of carbon dioxide (7.5 cc./kg.) into the systemic 
veins of dogs without harmful effects. In this dosage 
there is a very brief rise in whole blood carbon diox- 
ide content of from 5 to 10 volume per cent. This is 
accompanied by a maximal decrease of from 1 to 2 
volume per cent of oxygen concentration. There is a 
brief hyperpnea. In the case of animals with experi- 
mentally produced pulmonary stenosis, it has been 
possible to visualize the stenotic area with doses of 
2 cc./kg. A double contrast technique employing 
carbon dioxide and diodrast has provided better vis- 
ualization, but results in a marked depressing effect 
on the heart which is not noted when carbon dioxide 
is used alone. 

In experimentally produced pericardial effusion in 
animals, the carbon dioxide was injected intrave- 
nously (15 to 50 cc.) and roentgenograms were made 
with the animal in the left lateral position and the 
beam directed horizontally. The roentgenograms 
showed a gas bubble in the right atrium with the 
markedly thickened shadow of the combined atrial 
wall and pericardial coat. 

The authors have injected large doses (7.5 cc./kg.) 
of carbon dioxide into the left heart and systemic 
arteries of dogs. The changes in pressures, respira- 
tion and electrocardiogram were minimal and brief. 

Following the animal studies, the authors cau- 
tiously began their study with humans. The first ex- 
periments were conducted in 2 anencephalic infants 
who had no known defect of the cardiovascular sys- 
tem. Doses of the order of 5.0 cc./kg. were employed 
and were well tolerated. This study was then ¢x- 
tended to 5 patients with rheumatic heart disease 
with mitral stenosis, ranging in age from thirty-seven 
to fifty-three years. Doses from 0.5 to 2.0 cc./kg. 
were employed for selective visualization of the right 
ventricular outflow tract. To date, no cases of cyanot- 
ic congenital heart disease have been selected for 
the procedure. 

Fourteen experiments were carried out in 7 indi- 
viduals with pericardial disease. The patient was 
placed in the left lateral position and the roentgen 
beam was directed horizontally (left lateral decubi- 
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tus). In each experiment $0 cc. of carbon dioxide was 
injected rapidly intravenously. In each case a fluid 
level was demonstrated in the right atrium. The gas 
persisted from a few minutes to twenty minutes. 
There were no symptoms related to the injection. In 
2 of the 7 patients effusions were disclosed. The third 
patient had pleuropericardial thickening and a fourth 
patient had calcific constricting pericardial disease. 
In this last case rigidity and flattening of the right 
atrial wall was demonstrated. In the remaining 3 
cases no pericardial disease was found. 

Several factors of extreme importance have been 
stressed by the authors: (1) The gas injected must 
be pure carbon dioxide and not the usual “hospital 
carbon dioxide” containing a mixture of carbon di- 
oxide and oxygen; (2) the 50 or 100 cc. syringe and 
three-way stopcock and needle must form an air- 
tight unit; (3) the syringe is filled twice with carbon 
dioxide and this gas expelled before the final filling 
used for the injection; (4) the usual sterile technique 
precautions are used for the injection apparatus, 
though no special treatment of the gas itself has been 
needed; and (5) the total quantity of carbon dioxide 
to be given is injected as rapidly as possible.—7. N. 
Ané, M.D. 


ABDOMEN 


EpsteEIN, BERNARD S. Nonabsorbable water- 
soluble contrast mediums; their use in diag- 
nosis of intestinal obstruction. ¥.4.M.2., 
Sept. 7, 1957, 765, 44-46. (Address: 270-05 
76th Ave., New Hyde Park, N. Y.) 


Oral administration of hypaque (30 per cent to 90 
per cent) or renografin (30 per cent to 76 per cent) to 
10 cases in which the clinical picture and scout roent- 
genograms of the abdomen suggested either ileus or 
obstruction after operation proved very helpful to 
the author. The normal transit time through the 
small bowel was found to be thirty to ninety min- 
utes. 

In 4 cases the opaque material was retained in the 
jejunum or proximal ileum for four hours or longer. 
In these partial obstruction was diagnosed. Roent- 
genograms made at twelve hours showed contrast 
material in the colon. In 1 case a narrowed loop of 
small bowel was shown. Since the contrast material 
appeared in the colon in six hours it was considered 
safe to give barium and the barium showed several 
strictures. 

The author recommends the use of the water- 
soluble, nonabsorbable iodine contrast material for 
preliminary studies in cases of suspected small bowel 
obstructions.—Frank M. Windrow, M.D. 


Bucutata, V., Lane, H., and Watrer, FR. 
R6ntgenanatomische Beziehungen zwischen 
Bulbus duodeni und Choledochus. (Das 


lateral vom Choledochus auftretende Kon- 
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trastdepot nach Cholangiographie—‘‘Gallen- 
blasenregenerat”). (Roentgen anatomic re- 
lationship between bulbus duodeni and chole- 
dochus. [The accumulation of contrast 
material lateral to the choledochus after in- 
travenous cholangiography—‘‘Regenerated- 
gallbladder’’].) Fortschr. a. d. Geb. d. Réntgen- 
strahlen u. d. Nuklearmedizin, July, 1957, 
87, 16-22. (Address: V. Buchtala, Nymphen- 
burger Str. 163, Miinchen 19, Germany.) 


The accumulations of contrast material lateral to 
the common bile duct have been erroneously called 
dilated cystic duct stumps or regenerated gallblad- 
der. The authors prove with several excellently illus- 
trated cases and by a discussion of the anatomic rela- 
tionship, that the round density is the duodenal bulb 
opacified in a retrograde fashion. The duodenal bulb 
exhibits decreased motility and prolonged filling in 
the presence of peribulbar adhesions.—Frederick M. 
Reis, M.D. 


Cutver, Gorpon J., and Caccese, Ratpu. 
Benign intraluminal polypoid adenoma of the 
first portion of the duodenum; case report 
and review of the literature. Radiology, Au- 
gust, 1957, 69, 263-265. (Address: 100 High 
St., Buffalo, N. Y.) 


A benign polypoid adenoma of the first portion of 
the duodenum, which was diagnosed preoperatively, 
is reported. Roentgen study of the upper gastrointes- 
tinal tract demonstrated a smooth, round defect at 
the base of the duodenal cap, measuring about 2 cm. 
in diameter. It was immovable and caused no dis- 
tortion of the duodenal bulb. There was no evidence 
of obstruction. At operation a polyp, 2 cm. in diam- 
eter, was found attached by a relatively small base 
to the anterior superior border of the duodenum. The 
microscopic diagnosis was polypoid adenomatous 
duodenal tumor with hyperplasia and hypertrophy 
of Brunner’s glands. 

Tumors of the small bowel are uncommon and be- 
nign tumors in this segment of bowel are extremely 
rare. A review of the literature shows the ileum to be 
the most common site for benign neoplasms of the 
small bowel. With the present case, the total number 
of reported cases of benign duodenal tumors is 201 
(14.3 per cent of all benign tumors of the small 
bowel).—<Arno W.. Sommer, M.D. 


Brown, Rosert B. Duplication of the cecum 
and appendix; report of a case. Radiology, 
August, 1957, 69, 266-267. (Address: 230 
Lothrop St., Pittsburgh 13, Pa.) 


A review of the literature reveals only 9 previously 
reported cases of duplication of the cecum in adults. 
Such duplications usually are discovered in infancy 
and childhood and may occur at any site along the 
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alimentary tract. The terms “enteric cyst,” “entero- 
genous cyst,” and “inclusion cyst” are synonymous 
with intestinal duplication. 

The author reports an additional case in a forty- 
four year old Negro woman who presented com- 
plaints of epigastric pain and fresh rectal bleeding 
associated with a 23 pound weight loss. The physical 
examination revealed a small movable mass in the 
right lower abdomen. The barium enema study dis- 
closed a filling defect along the right medial border 
of the cecum which was not corroborated by a subse- 
quent barium meal examination. The resected speci- 
men consisted of a duplication of the cecum and ap- 
pendix, wherein the appendix presented a double 
lumen for 2.0 cm. of its 4.5 cm. length. The cyst wall 
was shown to consist of two layers of normal colonic 
mucosa separated by two definite layers of circular 
muscle with an intervening indefinite layer of longi- 


tudinal muscle.—Edward B. Best, M.D. 


BaiLey, Davip. Polyposis of gastro-intestinal 
tract: The Peutz syndrome. Brit. M. F., Au- 
gust 24, 1957, 2, 433-439. (From: Surgical 
Unit, University College Hospital, London, 
England.) 


The author reports 4 cases of gastrointestinal 
polyposis. In 2 of the cases melanin pigmentation of 
the mouth, lips and digits was noted. While similar 
pigmentation was not observed in the other 2 cases, 
the author is uncertain whether it was missed. 

In 1921 Peutz described the association of multiple 
adenomata of the gastrointestinal tract with melanin 
pigmentation of the oral mucosa, lips and face. The 
Peutz syndrome was later reviewed by Jeghers et al. 
(1949). 

While the pigmentation is probably present at 
birth, it may not be noted until early childhood and 
tends to a recession in older patients. Nearly all of 
the reported subjects have been of dark complexion 
but the syndrome has been reported in fair-skinned 
and fair-haired patients. The pigmentation of the 
cral mucosa is an essential part of the syndrome and 
is blue-black in color. The skin pigmentation consists 
of dark brown or black spots which remain discrete. 
The differential diagnosis from freckles depends up- 
on: (1) freckles usually occur in fair-skinned sub- 
jects; (2) freckles have a lighter brown color; (3) 
freckles on the face are more numerous on the cheek 
and sparse around the mouth. 

Although these tumors have been described as 
polyps, actually most of them are sessile and should 
be classified as adenomata because of their epithelial 
origin. In the Peutz syndrome adenomata may be 
scattered throughout the gastrointestinal tract, but 
involvement of the small intestine was present in all 
reported cases. Clinically, these tumors produce ob- 
struction, bleeding and local irritability. 

The diagnosis of adenomata of the small intestine 
is difficult. Roentgenologic examination is helpful 
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only if intussusception is present. Sigmoidoscopy and 
gastroscopy may be of value but the presence of 
these tumors in the rectosigmoid colon and stomach, 
respectively, does not indicate the involvement of 
the small intestine. The presence of the typical pig. 
mentation is of the greatest aid in the study of these 
cases. Only 1 person with typical pigmentation has 
been found in whom small bowel polyposis has not 
been demonstrated by full investigation, short of 
laparotomy. 

The author reviewed all of the published case re- 
ports of Peutz syndrome. Carcinoma of the gastro- 
intestinal tract occurred in 16 of 67 patients (24 per 
cent). In 13 of these cases the carcinoma was situated 
in the small bowel.—¥. N. Ané, M.D. 


GENITOURINARY SYSTEM 


Potirano, Vicror A. Pyelorenal backflow: 
Clinical significance and interpretation. 7, 
Urol., July, 1957, 78, 1-8. (From: The De- 
partment of Urology, Massachusetts Gen- 
eral Hospital, Boston, Mass.) 


The author reviews the subject of pyelorenal back- 
flow. The preliminary discussion consists of state- 
ments of classification as described by Hinman and 
Narath, and a brief evaluation of each. Two case re- 
ports and ¢ illustrations are presented. 

The clinical study of pyelorenal backflow suggests 
that it is an important factor in the pathogenesis of 
certain ‘conditions. The chills, fever and occasional 
bacteremia that follow retrograde pyelography may 
be attributed to extravasation of infected urine into 
the renal parenchyma and the lymphatic and vascu- 
lar system of the kidney. The channels by which such 
septic material is distributed can be seen by the 
demonstration of opaque medium in these regions. 
Pyelorenal backflow is a contributing factor in the 
development of hydronephrotic atrophy. 

The relation of pyelorenal backflow and chyluria 
is not clearly understood. Pyelolymphatic backflow 
occurs not infrequently in the absence of demonstra- 
ble chyluria. In most instances of pyelolymphatic 
backflow, there is absorption by the lymphatics from 
the renal sinus. However, one must also consider the 
possibility of a direct communication between the 
lymphatics and the urinary collecting system, such 
as has been pointed out by Wesson. 

The clinical significance of pyelocanalicular back- 
flow as seen on some excretory urograms, is extreme- 
ly difficult or impossible to evaluate in the light of 
our present knowledge. 

It is well for urologists and radiologists to recog- 
nize and correctly interpret the various types of 
pyelorenal backflow and their clinical significance.— 
George W. Chamberlin, M.D. 


Winter, Cuester C. Unilateral renal disease 
and hypertension: Use of the radioactive dio- 
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drast renogram as a screening test. 7. Uro/., 
August, 1957, 78, 107-116. (From: The U rol- 
ogy Division of the Department of Surgery, 
Veterans Administration Center and Univer- 
sity of California Medical Center, Los Ange- 
les, Calif.) 


The accepted procedure for demonstrating uni- 
Jateral kidney dysfunction has been by the use of 
renal clearance tests including excretory urography. 
Some authors have recommended measuring sodium 
concentration, osmolarity and urine volume from 
each kidney; others have also suggested aortography 
for visualizing renal arterial lesions. Radioactive dio- 
drast renography was introduced as a new renal func- 
tion test for measuring individual renal vascular ca- 
pacity, tubular cell function and the ability of the 
upper urinary tract to evacuate urine. This test is 
performed by the use of 2 sets of gamma radiation 
detection and recording equipment, 1 for each kid- 
ney, following the intravenous injection of radio- 
active diodrast. In this article the value of this test 
as a method of screening groups of hypertensive pa- 
tients is discussed. It would seem that those patients 
with abnormal renograms would then be further 
studied by other urologic procedures, whereas those 
with normal renograms would be spared the addi- 
tional evaluation studies. 

Radioactive diodrast renography was used to esti- 
mate individual renal function in 44 hypertensive 
patients of both sexes and various ages. Concurrent- 
ly, one or more of the several standard renal func- 
tion tests were carried out in these patients. 

Following the intravenous injection of 1 ye per 5 
kg. dose of diodrast, I'*! measurements of changing 
radioactivity over each kidney were recorded for ten 
to thirty minutes. Gamma ray scintillation detectors 
were placed over each kidney to obtain as far as pos- 
sible, radiation from the underlying renal parenchy- 
ma. Esterline-Angus recorders were used for perma- 
nent tracings. In this graphic record the initial spike 
is produced by the flood of radioactive agent into the 
vascular network of the kidney. The height of this 
spike is an index of the capacity of the renal arterial 
system. The secondary rise in the tracing reflects the 
quality of tubular cell secretory function and the 
final drop in the tracing is an index of the ability of 
the upper urinary tract to evacuate urine. Because of 
the radioactive material in the liver, the reading on 
the right side is generally higher than that on the 
left side. Five figures and 1 table illustrate normal 
and abnormal radioactive diodrast renograms and 
the significance of the findings. 

The results in this study demonstrate in general 
the good correlation between the renogram and the 
findings from a battery of standard methods of deter- 
mining renal function. Certain deficiencies of excre- 
tory urography as a single index of renal function 
are shown. When 1 kidney continues to function 
normally, blood chemistry studies have little diag- 
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nostic value in revealing renal dysfunction. The au- 
thor recommends renography for screening hyper- 
tensive patients for unilateral renal dysfunction and 
particularly in hypertensive children and young 
adults. 

In 10 of the 44 patients, renography gave informa- 
tion indicating unilateral renal disease. Seven of 
these patients had surgical procedures for the correc- 
tion of their renal lesion. Twenty-five of the 44 pa- 
tients were found to have bilaterally abnormal reno- 
grams and these patients also had bilateral renal dis- 
ease as demonstrated by the standard methods of 
study. Nine of the 44 patients had normal renograms 
bilaterally and no evidence of renal disease by the 
standard methods of examination.—George W. Cham- 
berlin, M.D. 


Denman, Joun. Thixokon: An improved ure- 
thrographic medium. 7. Uro/., July, 1957, 78, 
93-96. (Address: Parkland Memorial Hospi- 
tal, Dallas 19, Texas.) 


Thixokon is a recently developed radiopaque me- 
dium with properties which make it particularly use- 
ful for urethrography and urethrocystography. 

It consists of a viscous aqueous vehicle combined 
with 50 per cent urokon. It is claimed to have the 
unusual property of thixotropy. This is defined as 
the property of a solution which causes increased 
viscosity when the solution is at rest. The technique 
for using the medium is the same as that which has 
been used for urethrography with other media. 

The author has used this particular material in 
110 cases with satisfactory results. The radiopacity 
of the contrast medium is excellent. It passes 
through narrow channels without great difficulty and 
demonstrates strictures and other deformities of the 
urethra. No unusual reactions were encountered in 
the author’s series of patients.—George W. Chamber- 
lin, M.D. 


KaurMan, Josepu J. Experiences with thixo- 
kon: An aqueous, thixotropic urethrographic 
medium. 7. ries" August, 1957, 78, 188- 
1g1. (Address: 435 N. Roxbury Drive, Bever- 
ly Hills, Calif.) 


The author has previously described his experi- 
ence with the use of thixokon as a contrast medium 
for urethrography. It has been found to fulfill the re- 
quirements for a safe and effective urethrographic 
medium and the purpose of this paper is to describe 
additional experience which emphasizes its safety 
factor. Thixokon is described as an aqueous solution 
containing an organic iodine compound and thick- 
ened with a nongelling starch which is nearly 100 per 
cent amylopectin. This thickening material increases 
the viscosity and imparts a thixotropic property. 
This means that the preparation can be injected into 
the urethra with comparative ease and when it comes 
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to rest, its viscosity increases so that it may be re- 
tained during the examination. 

In 175 examinations with this medium, the author 
has found no serious untoward reaction. In one pa- 
tient, described in this article, 30 cc. of thixokon was 
introduced into the urethra of a male adult with 
moderate force to overcome resistance offered by a 
stricture. Roentgen examination showed extensive 
urethrovascular invasion of the contrast medium 
with numerous veins filled with the opaque medium 
and draining into the dorsal vein of the penis. Ten 
minutes afterwards, a roentgenogram of the abdo- 
men demonstrated renal excretion of the systemically 
absorbed medium. The patient had no untoward sub- 
jective symptoms associated with this extravasa- 
tion. 

Thixokon diluted with equal parts of sterile dis- 
tilled water has been used for contrast outlining of 
vasa and seminal vesicles. Excellent roentgenograms 
were obtained and no undesirable side effects were 
noted.—George W. Chamberlin, M.D. 


SKELETAL SYSTEM 


Ueserscuar, K. H. Sekundare Ossifikations- 
zentren und Nebenkernbildung am Navicu- 
lare pedis unter besonderer Beriicksichtigung 
ihrer Folgezustande. (Secondary ossification 
centers and accessory ossification centers of 
the tarsal navicular bone and their fate.) 
Fortschr. a. d. Geb. d. Réntgenstrahlen u. d. 
Nuklearmedizin, July, 1957, 87, 33-41. 
(From: R6ntgeninstitut und Strahlenthera- 
peutische Klinik am Stadtischen Kranken- 
haus Moabit, Berlin, Germany.) 


The development of secondary epiphyses of the 
tarsal navicular bone is described and their fate dis- 
cussed. They usually fuse with the navicular bone 
at the age of twenty. If they persist, so-called infra- 
and supranavicular ossicles result. Multiple second- 
ary centers are called accessory centers and may 
be subject to aseptic necrosis or osteochondritis dis- 
secans. One case is presented.—Frederick M. Reis, 
M.D. 


De Wirte, J. Reticulo-endotheliose, maladie 
de Hand-Schiller-Christian. (Reticuloendo- 
theliosis, Hand-Schiiller-Christian disease.) 
F. belge de radiol., 1957, 40, No. 3, 269-302. 
(From: Service de Radiodiagnostic de |’Uni- 
versité, Gand, Belgium.) 


In the introduction, the author deals with the 
nomenclature and gives a historical review of the 
Hand-Schiiller-Christian disease. This entity is char- 
acterized by: (1) Single or multiple granulomatous 
lesions of the bones with or without involvement of 
the soft tissues; (2) diabetes insipidus; and (3) ex- 
ophthalmus. 
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The condition, representing a disturbance of the 
lipoid metabolism, is classified into the same group 
as Gaucher’s disease and Niemann-Pick’s disease. 
The similarities with Letterer-Siwe’s disease and 
eosinophilic granuloma are discussed. 

The roentgen findings of the skull are described: 
radiolucent areas of different sizes, oval or irregular, 
sometimes confluent, giving the “geographic skull” 
appearance; destruction of the sella turcica; lack of 
periosteal reaction. 

The long bones also show osteolytic areas but, con- 
trary to the skull, sometimes also zones of hyperosto- 
sis. With further destruction of the cortex, sponta- 
neous fractures occur. The granulomatous infiltration 
of the interstitial pulmonary tissue is characterized 
on the roentgenogram, first by diffuse nodular densi- 
ties, later by a general fibrosis. No lung changes have 
been observed in the absence of bone involvement. 
The bone lesions of the Hand-Schiiller-Christian dis- 
ease may be confused with those of Gaucher’s dis- 
ease, Niemann-Pick’s disease, multiple myeloma, 
polyostotic fibrous dysplasia of Jaffé-Lichtenstein, 
leontiasis ossea, osteoporosis cranii or second Schil- 
ler’s disease, osteomyelitis, carcinoma metastases, v. 
Recklinghausen’s disease, and several others. 

Irradiation is the therapy of choice. The bone le- 
sions are very radiosensitive and may disappear per- 
manently. Recurrences are frequent, becoming less 
and less radiosensitive. Hormone therapy has been 
tried, including ACTH and cortisone. 

The disease is fatal in about two-thirds of the 
cases, and is more serious in the younger patient. 
Three cases of Hand-Schiiller-Christian disease are 
described and reproductions of roentgenograms are 
shown.—Hans Lewin, M.D. 


Bunty, E., and E. Measurement of 
femoral neck anteversion; by a direct meth- 
od. Radiology, August, 1957, 69, 209-213. 
(Address: 8820 Wilshire Blvd., Beverly Hills, 
Calif.) 


The authors describe a simple and accurate direct 
method of measuring femoral neck anteversion. The 
presence of a normal or an abnormal degree of ante- 
version is important as it is thought that an abnor- 
mal degree of anteversion may preclude healing in 
congenital hip dislocation. This is due to the inher- 
ent instability produced by the relationship of the 
femoral head to the acetabulum. 

This method consists of visualizing the femurs in 
the true axial projection, with the coronal plane (or 
the bicondylar plane) defined by the axis of the 
flexed tibia, which is perpendicular to it. The proce- 
dure used in obtaining this roentgenogram is de- 
scribed as are the technical factors. Due to the high 
mas. value necessary to penetrate the soft tissues of 
the thigh it is recommended that the procedure 
should not be attempted on children over 6 years of 
age. 
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The degree of anteversion in the normal adult ap- 
pears to be in the range of 8-15°, while in infants the 
range is 30-50°. It is hoped that more widespread use 
of this simple technique will result in a better knowl- 
edge of the normal range of anteversion and of the 
significance of abnormal values.—Donald N. Dysart, 


M.D. 


Lirwer, Herman. Pigmented nodular teno- 
synovitis of the hand with erosion of bone. 
Radiology, August, 1957, 69, 247-250. (Ad- 
dress: Veterans Administration Center, Mar- 
tinsburg, W. Va.) 


Pigmented nodular tenosynovitis is a lesion of the 
tendon sheaths with extension into the adjacent 
joints and bursae and which usually involves the 
hands and fingers. Clinically the patient reports the 
presence of a nodule which has grown slowly for 
years and then suddenly has begun to grow rapidly. 
As a rule it is painless and does not interfere with 
motion. 

In a few of the reported cases of this lesion, there 
had been extension into the neighboring bone. This 
bone involvement may consist of sharply defined 
cystic areas, discontinuity of the cortex due to pres- 
sure, or in extreme cases extensive destruction of the 
phalanx. Soft tissue swelling is evident around the 
bone. It is considered that the overwhelming ma- 
jority of these cases are benign, and if not neglected 
too long may be effectively treated by conservative 
excision. Only on rare occasions will a malignant 
change occur requiring radical surgery. Two cases of 
pigmented nodular tenosynovitis with involvement 
of bone are reported.—Donald N. Dysart, M.D. 


BLoop AND LympH SysTEM 


Eyer, R. Lumbar and _ peripheral 
arteriography; technics and radiologic anato- 
my. Radiology, August, 1957, 69, 165-176. 
(Address: The Henry Ford Hospital, 2799 
W. Grand Blvd., Detroit 2, Mich.) 


As surgery of the arteriosclerotic aorta and its 
lower branches is becoming more common, it be- 
hooves the radiologist to be well versed in the sub- 
jects of aortography and arteriography. The findings 
based on these examinations are important in decid- 
ing upon and planning the surgical approach. This 
article is based on a study of 600 aortograms and 
arteriograms and primarily concerns some of the 
roentgen anatomic features demonstrated by these 
studies. The technique used by the author is de- 
scribed. 

Calcification in the media of the aorta and the ma- 
jor branches was not found to necessarily correlate 
with obstruction in these vessels, although it was not 
always possible to separate clearly medial and inti- 
mal calcification. Calcification may, however, be 
displaced by the aneurysmal swelling and therefore 
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reveal the contours of the aneurysm. In general, two 
types of configuration are obtained in aneurysmal 
diseases of the infrarenal portion of the abdominal 
aorta. First, the dilated portion itself may fill, 
usually after considerable delay and generally with 
greatly reduced concentration of the medium due to 
dilution in the large channel. Secondly, there is al- 
most invariably kinking of the aorta just above the 
aneurysm, due to elevation of the distal nondilated 
portion, and lateral displacement. Often not all of 
the aneurysm fills. 

A dissecting aneurysm of the abdominal aorta is 
not common. A double contour of the aneurysm will 
be seen but there will be no kinking. In cases where 
there are large atheromatous plaques, the aortogram 
will show the individual lesions narrowing the opaque 
column of medium with normal appearing vessels in 
between. 

Serial roentgenography is of value in demonstrat- 
ing segmental arterial disease and can be used to 
visualize the vascular tree from the level of the renal 
arteries to the division of the popliteal arteries. The 
author describes a simple device which facilitates 
serial roentgenography with 14 X 36 inch cassettes.— 
Donald N. Dysart, M.D. 


Szitacy1, D. Emerick. Lumbar and peripheral 
arteriography; clinical aspects. Radiology, 
August, 1957, 69, 177-187. (Address: 2799 
W. Grand Blvd., Detroit 2, Mich.) 


The author discusses the occlusive and aneurysmal 
diseases of the abdominal aorta and its peripheral 
branches. Angiography has played an important part 
in the better understanding of these diseases and also 
in the development and improvement of surgical 
techniques for their treatment. 

Two clinical types of occlusive arterial lesions are 
recognized: (1) The so-called pure segmental occlu- 
sive disease, characterized by fairly sharp localiza- 
tion of the pathologic process, with considerably 
less involvement in the remainder of the arterial 
tree; and (2) diffuse arteriosclerosis with coinciden- 
tal occlusion of an arterial segment. In the first type, 
surgical therapy is aimed at overcoming the block 
by resection and placing of a graft or by inserting a 
by-pass graft without removing the block. The prog- 
nosis in these instances is good since the adjacent 
arterial bed probably will not soon undergo a progres- 
sion of the basic disease. In the second type, surgical 
therapy is the same but the outlook is poor since the 
basic disease is likely to worsen more rapidly. Angiog- 
raphy is of great aid in determining just which type 
of disease is present and enhances the planning of 
rational surgical therapy. 

As effective therapy is now available, more ab- 
dominal aorta aneurysms are being found—sus- 
pected clinically and proved by angiography. The 
decision for or against surgery depends on the risk 
that the patient presents against the benefits to be 
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expected from surgical intervention. Operability is 
also influenced by the extent and location of the 
aneurysm. 

The exact anatomic location of the peripheral ar- 
terial lesions and the distribution and abundance of 
the collateral arterial branches can be determined by 
angiography, thus making surgical repair safer and 
faster. Arterial emboli in the femoral or popliteal 
arteries can be well localized and the differentiation 
between embolization and thrombosis can be ob- 
tained by carefully performed angiography. In the 
postoperative followup of patients, angiography is of 
use in confirming the result and yielding information 
about the progression of the occlusive disease and 
the state of the arterial implant. 

Many roentgenograms are reproduced showing the 
different lesions. Figures showing the types of sur- 
gical procedures are also presented.—Donald N. 
Dysart, M.D. 


RADIATION THERAPY 


Be L., LusvarGut, E., Pasquine cut, C., 
and Darpart, M. Protection by diethyldioxy- 
stilbenedipropionate against leucopenia due 
to roentgen therapy. 7. Fac. Radiologists, 
April, 1957, 8, 239-249. (From: The Institute 
of Special Medical Pathology and Clinical 
Methodology, and the Institute of Radiol- 
ogy, University of Modena, Modena, Italy.) 


A review of experimental work reported since 
1948 indicates that pretreatment with estradiol 
benzoate reduces mortality in the treated animal and 
affords some protection against the reduction of the 
polymorphonuclear leukocytes by irradiation, but 
Levitt (1955) believes that at present there is no drug 
available which could protect the leukopoietic sys- 
tem from damage to roentgen-ray exposure. Other 
reported work indicates that many physical and 
chemical agents render mature leukocytes more easily 
subject to lysis. These agents produce a leukopenia 
both by depressing leukopoiesis and by reducing the 
life of the leukocytes. Work by Storti and his col- 
leagues revealed a marked increase in “leukocyte re- 
sistance” in healthy women in the ninth month of 
pregnancy, constantly preceding the antepartum 
leukocytosis. This has been found to be related to the 
high estrogen concentration in the blood at this time 
and to the increase in leukocyte resistance and in the 
leukocyte count following administration of a syn- 
thetic estrogen (diethyldioxystilbenedipropionate) to 
the normal subject. These observations and conclu- 
sions by Storti e¢ a/. suggested to them the idea of 
using a synthetic estrogen for the purpose of pre- 
venting and treating leukopenia due to various 


causes. 
The authors investigated the effect of diethyldioxy- 
stilbenedipropionate during roentgen therapy. Trials 
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were carried out in patients with lymphogranulo. 
matosis, lymphosarcoma, and malignant epithelial 
new growths. Ten patients were treated concurrently 
with roentgen therapy and diethyldioxystilbene. 
dipropionate and these are compared with patients 
treated by roentgen therapy only and suffering from 
similar conditions, with similar site and stage of the 
disease. The results indicate that this synthetic estro- 
gen can prevent radiation leukopenia. Moreover, the 
association of stilbene with roentgen therapy has 
allowed the use of higher doses with consequent sat- 
isfactory results of treatment in patients in whom the 
leukopenia would otherwise have prevented comple. 
tion of irradiation. In cases of severe leukopenia it is 
possible to commence and complete roentgen treat- 
ment when otherwise it would have endangered the 
patient.—Samuel G. Henderson, M.D. 


O’SHEA, WittiaM A., JRr., CHane, C. H., and 
Hurcuinson, FRANKLIN. A simplified ruler 
method for dosage calculation in rotational 
therapy in the intermediate voltage range. 
Radiology, July, 1957, 69, 88-93. (Address: 
C. H. Chang, 789 Howard Avenue, New 
Haven 4, Conn.) 


The authors describe a ruler which will simplify 
dosage calculations in intermediate voltage rotation 
therapy. One ruler supplies the tumor and skin dose 
information for a given combination of physical 
factors. Tumor and skin dose calculations are usually 
accomplished in a few minutes. The ruler is made of 
transparent plastic and is inscribed with two scales, 
one for the percentage skin doses and the other for 
the percentage tumor doses at the various tissue 
depths, expressed in cm. Calculations and measure- 
ments required for construction of the ruler are given. 

An example of the application of the method in the 
treatment of a tumor of the esophagus is described. 
The tumor is located fluoroscopically and 4 points are 
marked on the skin, corresponding to the end points 
of 2 lines through the tumor at right angles to each 
other. A plaster mold is then made at the level of 
these points. A contour tracing is made of this mold 
and the 4 points are marked on this tracing. Con- 
necting the opposing points will locate the center 
of the tumor in the tracing. The ruler is used on the 
tracing to determine skin and tumor doses for each 
of twelve 30° segments.—Arno W. Sommer, M.D. 


RADIOISOTOPES 


RoucayroL., J. C., DoENEcKE, F., ScHissLeR, 
R., and Kossmann, F. Radiojoduntersuch- 
ung der Schilddriise mit Hilfe von vier Szin- 
tillationszahlern. (Radioiodine examination 
of the thyroid gland by means of four scin- 
tillation counters.) Fortschr. a. d. Geb. d. 
Réntgenstrahlen u. d. Nuklearmedizin, June, 
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1957, 86, 777-783. (From: Medizinisch- 
Physikalisches Institut and Medizinische 
Klinik der Universitat, Homburg, Saarland, 
Germany.) 


The authors studied the uptake of I'*' in the thy- 
roid gland on groups of 36 normals, § hyperthyroids, 
3 hypothyroids, 30 patients with an imbalance of 
the autonomic nervous system (“vegetative dys- 
tonia”) and 8 patients who had been given iodine- 
containing substances in some form or another. For 
these studies they used 4 scintillation counters con- 
nected in parallel and arranged at equal dista.ces 
from each other on a circle of 45 cm. diameter. In ad- 
dition to great sensitivity, this arrangement has the 
advantage that the readings obtained are greatly in- 
dependent of the geometric form and exact position 
of the object (neck) in the center of the ring. 

Fasting patients were given a tracer dose of 50 uc 
of I'*! in the morning and uptake measurements were 
made after three, six, nine, twenty-four and forty- 
eight hours. At the same intervals, the radioactivity 
of the urine was measured and the plasma test (Vet- 
ter) values were determined. 

For the group of 36 normals, the uptake curves 
had the same general shape although the actual 
heights of the curves varied widely. A rather steep 
raise within the first nine hours was followed by a 
smaller raise to a maximum at twenty-four hours; 
there was practically no change in the curve during 
the subsequent twenty-four hours. The individual 
uptakes in these 36 normals varied widely from 
about 30 per cent to almost 70 per cent after twenty- 
four hours, with an average of over 50 per cent. The 
authors believe that this scattering is connected with 
the iodine content of foods which varies regionally. 
The plasma test value for this group was on the 
average 0.05; none was higher than 0.1. 

For the second group of 5 hyperthyroid patients 
the curves showed a typical course: sharp raise with- 
in three hours, a maximum between three and six 
hours and a more or less pronounced drop after six 
hours. The plasma values ranged between 2.4 and 
7.8, i.e. between 20 to 70 times that for the normal 
group. The higher was the plasma value the sharper 
was the drop in the uptake curve. 

The curves of the third group of 3 patients with 
characteristic myxedema showed raise to a maxi- 
mum of 10 per cent within three hours and no drop 
within forty-eight hours. In these cases the radio- 
iodine was quickly excreted and the radioactivity of 
the urine was therefore high. The plasma value was 
about the same as for normals, less than 0.1. 

For the group of 30 patients with an imbalance of 
the autonomous nervous system, which were care- 
fully selected by excluding cases with characteristic 
eye symptoms, struma, tremor manuum and loss of 
weight (despite sufficient intake of food), the curves 
were about the same as those for normals and showed 
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no drop after a maximum value had been reached in 
twenty-four hours. The scattering of uptake value 
was found to be higher than that for normals and 
the average uptake after twenty-four hours was 
over 60 per cent. The plasma test in this group was 
also found to be somewhat higher than in the nor- 
mal group, 0.09 but none higher than 0.16. 

Uptake curves on 8 patients who had previously 
been given iodine-containing substances for roent- 
gen examination of the gallbladder, urinary tract 
and bronchial tree were all found to be lower than 
the curves of normals. There is a wide diversity of 
opinion on just how long one should wait with the 
uptake procedure after such examinations have been 
carried out and the authors plan to report later on 
this question. One particularly interesting observa- 
tion was made on an assistant who had been work- 
ing with iodine for a considerable length of time. Al 
though he had a normal thyroid gland, his uptake 
curve was considerably depressed and was similar to 
the curves of the hypothyroid patients. 

The authors feel that uptake measurements 
should be made at various intervals after the tracer 
dose has been given, since in many cases only the 
course of the complete uptake curve can give satis- 
factory diagnostic information. This method is es- 
pecially useful in the differential diagnosis between 
hyperthyroidism and vegetative hypersensitivity.— 


Otto Glasser, Ph.D. 


Grass, GeorceE B. Jerzy, and Boyp, Linn J. 
Differentiation of macrocytic anemias and 
diagnosis of pernicious anemia and sprue in 
remission by accelerated measurement of 
hepatic uptake of radioactive Co® By. Ann. 
Int. Med., August, 1957, 47, 274-292. (From: 
The Department of Medicine and the Gas- 
troenterology Research Laboratory, New 
York Medical College, Flower and Fifth 
Avenue Hospitals, New York, N. Y.) 


The study of vitamin By absorption from the in- 
testine, for which the presence of Castle’s intrinsic 
factor is necessary, and of the effect of added exoge- 
nous intrinsic factor preparation provides valuable in- 
formation for the differentiation of macrocytic 
anemias. 

The methods which have been described for meas- 
uring intestinal absorption using radioactive Co™ Bi» 
are compared and their advantages and disadvant- 
ages discussed; they include the fecal excretion test, 
the urinary flushing technique, the serum radioactiv- 
ity test and the hepatic uptake method, originally 
described by Glass et a/. in 1954. A simplified and 
more rapid modification of this last procedure, which 
depends on the deposition of absorbed By in the 
liver, has now been developed and is the subject of 
this paper. 
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A tracer dose of 0.5 wc of Co” By is given by 
mouth, followed by one ounce of castor oil twenty- 
four hours later and an enema the morning after to 
remove unabsorbed active material from the intes- 
tine. At forty-eight hours the activity is measured 
with an open (i.e. uncollimated) scintillation counter 
in contact with the skin over the liver anteriorly and 
laterally; counts over 2 abdominal areas and the left 
thigh give the body background. If there is signifi- 
cant retention of radioactive material in the intestine 
as indicated by high abdominal counts, a further 
laxative and enema are given and the counts re- 
peated at seventy-two hours. Similarly, if good 
clearance of nonabsorbed material is accompanied 
by low hepatic uptake, the test is repeated with a 
dose of intrinsic factor preparation free from Bi». 

Studies on 27 cases show that the hepatic uptake 
rises rapidly during the first forty-eight hours and 
then more slowly to the extent of a further 25 per 
cent by the end of seven days. The forty-eight hour 
test thus appears adequate for clinical use. Results 
are presented for 50 cases: 20 with pernicious 
anemia, 6 with sprue, 12 with other nonpernicious 
macrocytic anemias and 12 with anacidity refractory 
to histamines. 

The hepatic uptake is low for pernicious anemia, 
whether in relapse or remission, being markedly in- 
creased by the addition of the intrinsic factor where- 
as, in the case of sprue, the uptake remains low and 
is unaffected by added intrinsic factor. In nutritional 
macrocytic anemias and histamine refractory ana- 
cidity without anemia, uptake levels are generally 
normal and unchanged in the presence of the intrin- 
sic factor. 

The advantages claimed for this method are that 
results are obtainable in two to four days using con- 
ventional counting equipment and that urine or 
fecal collections are not required.—Raymond S. 


Quick, B.A. 


Frost, Joun W., Gotpwein, Manrrep I., and 
KaurmMan, Barre D. Studies of By Co® ab- 
sorption in malabsorption syndrome: Results 
before and during specific therapy. 4nn. Int. 
Med., August, 1957, 47, 293-299. (From: The 
Hematology Clinic, Hospital of the Univer- 
sity of Pennsylvania, Philadelphia, Pa.) 


The malabsorption syndrome is characteristic of 
certain gastrointestinal disorders as a result of de- 
fective intestinal absorption which may be complex 
and variable in degree. Radioactive vitamin By, ab- 
sorption can be measured by several comparatively 
simple techniques and the diagnostic reliability of 
the urinary excretion method (Schilling test) has 
been studied in a series of cases of which 17 are re- 
ported in this paper. 

It is concluded that this test is not consistently 
diagnostic of the malabsorption syndrome and that 
there is no clear correlation between Bi: absorption, 
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as measured in this way, and clinical progress.— 
Raymond 8S. Quick, B.A. 


MISCELLANEOUS 


Taytor, Laurtston S. Current situation with 
regard to permissible radiation exposure 
levels. Radiology, July, 1957, 69, 6-11, 
(Address: Atomic and Radiation Physics 
Division, National Bureau of Standards, 
Washington 25, D. C.) 


For the past twenty-five years this country has 
based its permissible occupational exposure levels on 
the recommendations of the National Committee on 
Radiation Protection and the International Com- 
mission on Radiologic Protection. The current per- 
missible weekly level is based on the premise that a 
whole-body exposure of 0.3 rem/week for an indef- 
inite period would not produce any detectable harm- 
ful effect. Only a small fraction of the population is 
subjected to radiation exposures approaching the 
maximum permissible levels. The great majority of 
radiation exposures are considerably below the per- 
missible levels. 

A roentgen-ray worker exposed to the permissible 
levels could receive as much as 600 r in forty years 
of working lifetime. There is no evidence at present 
that exposures at these rates have caused detectable 
injury. Most atomic energy plants have found that 
they can operate satisfactorily at levels ranging from 
one-third to one-tenth of this value without seriously 
interfering with their operation. 

The problem of the genetic effects of radiation ex- 
posure was considered at meetings of the Interna- 
tional Commission on Radiologic Protection in April 
1956. A figure of about 10 rem of man-made radia- 
tion was recommended as a reasonable average per 
capita dose for the future. The emphasis has been 
shifted from the exposure of the individual to expo- 
sure of the general population. 

It is the author’s opinion that the maximum per- 
missible exposure levels are going to be reduced to 
one-third of the present level of 0.3 rem/week. There 
will be modification of the rules to establish a yearly 
limitation of 5 rem to the blood-forming organs, 
gonads, and lenses of the eyes, and a limitation of 10 
rem to the skin. Permissible radiation levels for 
internal emitters will conform to the same general 
principles. The importance of careful monitoring and 
adequate recording methods in emphasized.—Arno 
W. Sommer, M.D. 


Duntap, Cuartes E. Delayed effects of ioniz- 
ing radiation. Radiology, July, 1957, 69, 
12-17. (Address: 1430 Tulane Ave., New 
Orleans 12, La.) 

Although, at times, no sharp dividing line sepa- 
rates early from delayed reactions, it is customary to 
limit the term “‘delayed effects” to those injuries 
that first become apparent several months or years 
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after exposure. Most of these delayed radiation in- 
juries are a result of accidental or misguided over- 
exposure and may be local or general in nature. 

Localized lesions usually result from local irradia- 
tion, but some local lesions, such as cataracts, may 
follow whole-body exposure. Generalized effects are 
seen most often when either a large area or the entire 
body has been exposed, although at times heavy local 
treatments will also produce systemic effects. 

Some of the more common delayed lesions include 
late radiation ulcers which usually occur in the skin 
but are also seen in the rectum and bladder, chronic 
radiation dermatitis, aseptic necrosis of bone, osteo- 
genic sarcoma, vascular changes in the kidney lead- 
ing to hypertension similar to spontaneous nephro- 
sclerosis, and bone marrow damage. This last effect 
may produce a sustained or even progressive leuko- 
penia and anemia, or in the reverse situation, leuke- 
mia. Also established recently is the finding of a non- 
selective overall acceleration of the many changes 
associated with the natural aging process leading to 
premature aging. 

The author feels that comparatively few of the 
fully developed late radiation lesions are caused ex- 
clusively and specifically by radiation even though 
ionization admittedly does play a major part in 
initiating many of the ischemic, atrophic, degenera- 
tive, fibrotic, necrotic, dysplastic, metaplastic and 
neoplastic changes asociated with various radiation 
injuries. In some instances the causative role of 
radiation is obvious, as when a chronic skin ulcer 
develops in a heavily irradiated area. Other delayed 
effects, such as premature aging and leukemia, are 
clinically indistinguishable from the corresponding 
spontaneous disorders and statistical evidence is 
necessary to demonstrate a relationship to prior 
irradiation. 

It is clear that radiation may play either a domi- 
nant or a minor role in the pathogenesis of these 
different delayed effects and the responsibility that 
radiation bears for the ultimate consequences will 
vary accordingly. In order to indicate these differ- 
ences, an attempt should be made to differentiate 
those lesions that are the direct and predictable re- 
sult of a given exposure to radiation, those in which 
important secondary factors such as bacterial infec- 
tion must be combined with radiation injury to pro- 
duce the final lesion, and those in which radiation is 
involved only as a remote, nonspecific, predisposing 
influence. 

It is the opinion of the author that perhaps the 
greatest value of recognizing that factors other than 
radiation are often the precipitating causes of de- 
layed injuries is the possibility that the lesions them- 
selves may be prevented by recognizing and control- 
~ these precipitating factors.—Donald N. Dysart, 

D. 


Crow, James F. Genetic considerations in 
establishing maximum radiation doses. Radi- 


Abstracts of Radiological Literature 561 


ology, July, 1957, 69, 18-22. (Address: Depart- 
ment of Genetics, University of Wisconsin, 


Madison, Wis.) 


There is general agreement that any increase in 
radiation exposure is genetically harmful, but it is not 
possible to say how harmful. Three genetic principles 
are prerequisites for the consideration of the problem 
of radiation effects in man: (1) Mutations occur spon- 
taneously throughout the body, presumably in all 
kinds of cells. The mutations of importance for fu- 
ture generations are those that occur in the germ 
cells between conception and reproduction; (2) Al- 
most all mutations that have effects sufficient to be 
detected are harmful. On the basis of experience with 
the fruit fly, it is likely that the most frequent hu- 
man mutations would not cause gross physical ab- 
normalities, but minor impairments of body functions 
leading to increased susceptibility to disease, lower 
life expectancy, reduced fertility, etc.; and (3) 
Deleterious mutant genes are eventually eliminated 
from the population, since they decrease the viability 
or fertility of the individuals carrying them. 

Radiation increases the mutation rate. There are 
some human data as well as experimental evidence to 
support this statement. Macht and Lawrence found 
from questionnaires that stillbirths, neonatal deaths, 
and congenital abnormalities were more frequent in 
the children of radiologists than in the controls. The 
number of mutations produced is directly propor- 
tional to the dose in roentgens. The direct propor- 
tionality apparently continues down to zero dose. 
The genetic harm to a population is roughly propor- 
tional to the total radiation received between con- 
ception and reproduction. 

The genetic consequences of 10 r for one generation 
are small relative to other causes of death and dis- 
ease. For this reason the National Academy of 
Sciences chose this as a reasonable limit. It is sug- 
gested that all reasonable precautions be taken to 
keep the dose to the gonads as low as possible.— 
Arno W. Sommer, M.D. 


Faria, G. Considerations bearing on permis- 
sible accumulated radiation doses for occupa- 
tional exposure; the aging process and can- 
cerogenesis. Radiology, July, 1957, 69, 23-28. 
(Address: 630 W. 168th St., New York 32, 
N. Y.) 


Two of the long-term effects resulting from the 
accumulation of low-level chronic exposure to radia- 
tion are shortening of the life span and cancer pro- 
duction. The mechanisms involved in causing these 
effects are not definitely known but they are thought 
to be the same ones that account in part for the 
spontaneous aging process and carcinogenesis in man. 

Careful animal experiments have shown two com- 
ponents of radiation injury: an irreparable one and a 
reparable one. The irreparable component is due to 
somatic gene mutations and probably chromosome 
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damage in all tissues of the body. The reparable one 
is the result of direct interference with the chemical 
processes of the cell at one or more links in the chain. 
In the case of low-level chronic exposure, direct inter- 
ference with chemical processes may be expected to 
be practically negligible and therefore only irrepar- 
able damage is important. 

Shortening of the life span by radiation is believed 
to be essentially an acceleration of the aging process 
brought about by a more frequent gene mutation 
rate. In normal tissues in which cell multiplication 
occurs naturally to take care of wear and tear and to 
repair damage, cell division is carefully controlled. 
This control is thought to be due to an antiprolifera- 
ting agent, produced by a certain gene in each cell, 
and which prevents undue cell division. If a suitable 
mutation of this gene occurred in a cell, this anti- 
proliferating agent is no longer produced and the cell 
acquires the potentiality of indefinite division. 7.e., it 
becomes a cancer cell. 

The reason that cancer does not develop much 
more frequently is thought to be due to the sur- 
rounding normal cells which are able to suppress and 
hold the mutated cells in abeyance. If a sufficient 
number of cells are damaged by gene mutation then 
cancer will develop since there are not enough normal 
cells present to stop indefinite cell division.—Donald 
N. Dysart, M.D. 


Hensuaw, Paut S. Genetic transition as a 
determinant of physiologic and radiologic 
aging and other conditions. Radiology, July, 
1957, 69, 30-36. (Address: Division of Bi- 
ology and Medicine, U. S. Atomic Energy 
Commission, Washington 25, D. C.) 


With accumulating evidence that radiation con- 
tributes to or accelerates senescence, attention is con- 
centrated on the aging process and on the specific role 
of radiation in this and in other biologic processes. 
Aging is to some extent explainable on the basis of 
somatic mutation and subsequent genetic transition. 
Three kinds of mutations occur: the rare beneficial 
type, the deleterious lethal, and the deleterious sub- 
lethal. Beneficial mutations, though infrequent are 
retained and spread in the population. Lethal muta- 
tions lead to cell death and necrosis. Sublethal muta- 
tions have a more prolonged and far-reaching effect. 
As the mutated cells proliferate, the aggregate generic 
character becomes altered. This transformation is 
referred to as genetic transition. 

Ionizing radiations induce mutations in proliferat- 
ing tissues but they are not the only mutagens. 
Heat, various biochemical compounds, and certain 
infectious diseases can induce mutations and thereby 
contribute to the aging process. Length of life is 
governed largely by rate of mutation and rate of 
proliferation of mutated cells, regardless of the causa- 
tive factors. 

It is theorized that the average length of life may 
be due in part to natural radiation. Emphasis is 
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placed on the idea that, while there may be no 
threshold levels of dose for induction of mutations, 
there may be such levels for reduction of species 
vigor.—Arno W. Sommer, M.D. 


Bituincs, M. S., Norman, A., and Green. 
FIELD, M. A. Gonad dose during routine 
roentgenography. Radiology, July, 1957, 69, 
37-41. (Address: M. S. Billings, Atomic 
Energy Project, P. O. Box 24164, West 
Los Angeles 24, Calif.) 


This report presents phantom measurements of the 
gonad dose received during routine roentgenography, 
to determine what hazards are associated with this 
procedure. Unit density Masonite blocks were used 
for phantom material. The phantom was adjusted in 
all its dimensions to the average trunk size of adults 
and children of different age groups. For the meas- 
urements, Victoreen thimble chambers of 0.1 r, Lor 
and 25 r capacity were employed. The irradiation 
techniques were those used in diagnostic radiology 
at the UCLA Medical Center. Both conventional 
and high voltage techniques were considered. 

Tables are included listing the amount of radiatidn 
per exposure received during routine roentgeno- 
graphic procedures in infants, children and adults. 
It is calculated that the average dose due to these 
examinations accumulated through age thirty “is 
less than 25 per cent of the dose accumulated in that 
time from natural background radiation.—Arno W. 
Sommer, M.D. 


Batty, Norman A. Patient exposure to ionizing 
radiation in dental radiography. Radiology, 
July, 1957, 69, 42-45. (Address: Department 
of Radiation Therapy, Roswell Park Memo- 
rial Institute, Buffalo, N. Y.) 


The increasing use of ionizing radiations and ex- 
posure of the individual bring to mind two important 
requirements. First, exposures to various radiations 
should be accurately evaluated; and second, all 
possible means should be taken to reduce exposures 
in necessary medical and dental procedures. 

In dental roentgenography, patient exposure may 
be reduced by the use of faster films, increased focal 
skin distance, and more penetrating radiation. The 
author considers in this paper the use of a more pene- 
trating beam to reduce dosage to the skin and to the 
underlying bone and soft tissues. A description of 
equipment used and the method of study is given. 

The author concludes that for a dental roentgen- 
ray unit operating at 60 kv. peak, the addition of 1.0 
mm. aluminum filtration, (a) reduces surface dose by 
45 per cent and (b) reduces dose to bone and other 
deep-lying tissues by as much as 38 per cent in some 
areas. The dose to the bony structures per full mouth 
set of films ranges from 8 to 23 r for adults and from 
3 to gr for children, depending on operating voltage 
and added filtration.—Donald N. Dysart, M.D. 
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